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Extracellular polypeptides of EdH B receptors and ephrin B lloands and the corresponding 
nucfclcgcM molecule? 

Fjekjofthe Invention: 

The present invention relates in particular to isolated extracellular polypeptides of Eph B 
receptors and ephrin B ligands and the corresponding Isolated nucleic acid molecules 
comprising the sequences coding for such polypeptides, to recombinant vectors, such as 
viral vectors, that comprise such nucleic acid molecules, to host cells comprising such 
recombinant vectors, to pharmaceutical compositions comprising such polypeptides, nucleic 
acid molecules or recombinant vectors, and to the use of such vectors in the production of 
pharmaceutical compositions for treating a mammalian disease, Including a human disease 
especially tumour diseases and ocular neovascularization, by means of gene therapy. 

Background of the Invention; 

Eph receptors with 14 different members form the largest sub-group of receptor tyrosine 
kinases up to now. The extracellular domain consists of a N-termlnal globular domain, a 
cysteln-rich domain and two fibronectln type III domains [Hlmanen et a/., Nature 396, 486- 
491(1998)]. 

Owing to the extracellular domain and ligand recognition, the group is sub-divided into two 
sub-classes: Eph A (A1-A8) and Eph B (B1-B6) fEph Nomenclature Committee, Cell 90, 
403-404 (1997)). 

All of the eight ligands known up to now are proteins attached to membrane and are called 
ephrlns. Here also, two sub-classes may be distinguished: ephrin A ligands (A1 -AS) are 
inserted In the membrane by a giycosyl phosphatidyl inositol anchor (GPI). and ephrin B 
ligands (B1-B3) have a transmembrane domain and a cytoplasmatic protein section 
consisting of 82-88 amino acids [Eph Nomenclature Committee, Ceil 90. 403-404 (1997); 
Beckmann et al., EMBO J. 13, 3757-3762 (1994)]. 

Ephrlns of the A class bind predominantly to Eph A receptors and ephrlns of the B type to 
Eph B receptors. Within the classes, however, the ligands have overlapping specif ities. 
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Proteins of the Eph/ephrin family play a role In cell and axon orientation. In contrast to 
chemoattractfve substances, Eph/ephrin interactions in the neuronal and epidermal tissues 
lead to the production of repulsive signals between the cell populations, which express the 
corresponding receptors and Uganda. Using mice whose genes from the Eph/ephrin family 
have been specifically inactivated, it could be shown that various Eph/ephrins, in particular 
from the B class, take part in the development of neural crest and in the development of 
various regions of the brain. Eph/ephrins are thereby made responsible in particular for the 
complex topography of neuronal systems, which is controlled by direct cell interaction 
[Brambilla R. and Klein R., Mol. Cell. Biol. 15, 4921-4929 (1995); Henkemeyer ef a/., Cell 
86, 35-46 (1996)]. 

Evidence of the participation of the Eph B receptors and ephrin B ligands in embryonal 
vascular development was provided by genetic experiments. Following homozygote 
destruction of the ephrin B2 locus, a disturbed formation of the arteries and veins of the 
capillary vascular system was observed [Wang et a/., Cell 93, 741-753 (1998)]. In 
agreement with this, it was shown that ephrin B2 [QeneBank Ace. Nos.: L38847 (murine), 
U81262 (human); SwfesProt Acc. Nos.: P52800 (murine), P52799 (human)] is expressed 
primarfly on arterial endothelial cells, and on the other hand the receptor Eph B4 
[QeneBank Acc. Nos.: U06834 (murine), U07695 (human); SwissProt Acc. Nos.: P54761 
(murine), P54760 (human)], which binds ephrin B2, is expressed on venous endothelial 
cells [Wang et a/., Cell 93, 741-753 (1998)]. To confirm this, targeted inacth/ation of the Eph 
B4 gene also exhibits a lethal phenotype similar to ephrin B2, as well as the above- 
described defects in embryonal vascular development [Qerety et al., Molecular Cell 4, 403- 
414 (1999)]. Further experiments on the function of the Eph B receptor class show, 
moreover, that Eph B receptors and ephrin B ligands also take part in the cell 
communication between endothelial cells and the surrounding mesenchymal ceils. Mice 
which cannot express Eph B2 and Eph B3 die In uterv after about 1 1 .5 days. Analysis of 
the embryos showed that these animate have defects in the reorganisation of the embryonal 
vascular system, and exhibited disrupted cell contact between the mesenchymal pericytes 
and the endodermal endothelial cells [Adams et al., Genes and Dev. 13, 295-306 (1999)]. 

All previous work on the function of Eph B receptors and ephrin B ligands w^s, however, 
restricted to the embryonal development of the nervous system and of the embryonal 
vascular system. Surprisingly, ft has now been discovered for the first time that Eph B 
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receptors and ephrfn B ligands in an adult mammal organism participate functionally In 
anglogenesis. In addition, ft can be shown for the first time that Eph B receptors and ephrln 
B ligands also take part in the pathophysiology of malignant diseases and that extracellular 
polypeptides of Eph B receptors and ephrln B ligands are suitable for treating tumour 
diseases. Moreover, it was found that said polypeptides are also suitable for the treatment 
of ocular neovascularization, it was also surprisingly established that extracellular 
polypeptides of Eph B receptors and ephrln B ligands possess pharmacokinetic properties 
of the type which act not only locally but also systemicaliy and have no evident toxic side 
effects on the organism of mammals. 

Definitions: 

Within the context of this disclosure the following terms have the meanings as defined 
below: 

In the expression "a soluble polypeptide", the term "soluble" Indicates that the 
respective polypeptide is a non-membrane bound polypeptide which is secreted by 
mammalian cells which express it If such a "soluble" polypeptide is expressed for example 
In cultured mammalian ceils, said polypeptide can be found In the ceil culture supernatant 

■High affinity" In connection with the binding of ephrln B ligands with Eph B receptors 
Is understood to mean a dissociation constant below 500 nM, preferably In the range of 
0.05 nM to 100 nM, more preferably 0.1 nM to 20 nM, the typical range of dissociation 
constants of ephrfn B ligands to Eph B receptors. 

The term •essentially similar" used in connection with amino acid sequences refers to 
amino acid sequence identities. The extracellular regions of different Eph B receptors or 
ephrln B ligands within the same species have amino acid sequence identities of typically 
40% and more among one another. On the other hand, the extracellular regions of the 
same Eph B receptors or ephrfn B ligands of different species typically have amino acid 
sequence identities of 80% and more. Within the context of this application, a sequence 
must have at least 40%, preferably at least 75%, most preferably at least 90% amino acid 
sequence identity to the reference sequence, in order to be regarded as "essentially 
similar". 
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Pe^crtption of the Invention: 

i) The Invention relates to an isolated soluble polypeptide which comprises an amino acid 
sequence of an extracellular region of an Eph B receptor or an essentially similar amino 
acid sequence thereof, said isolated soluble polypeptide being capable of binding with high 
affinity to a mammalian ephrin B ligand. 

II) Similarly the Invention also relates to an Isolated soluble polypeptide which comprises an 
amino acid sequence of an extracellular region of an ephrin B ligand or an essentially 
similar amino acid sequence thereof, said isolated soluble polypeptide being capable of 
binding with high affinity to a mammalian Eph B receptor. 

DO The invention further relates especially to an isolated soluble polypeptide which 
comprises an amino add sequence of an extracellular region of Eph B4 or an essentially 
similar amino acid sequence thereof, said isolated soluble polypeptide being capable of 
binding with high affinity to a mammalian ephrin B ligand. 

fv) Similarly, the invention relates especially to an isolated soluble polypeptide which 
comprises an amino acid sequence of an extracellular region of ephrin B2 or an essentially 
similar amino acid sequence thereof, said Isolated soluble polypeptide being capable of 
binding with high affinity to a mammalian Eph B receptor. 

v) An especially preferred embodiment of the Invention relates to an Isolated soluble 
polypeptide comprising SEQ ID NO:2 [amino acids (aa) 1 -539 of SwissProt Database 
Accession No. PS4761] or SEQ ID N0:4 (aa 1-539 of SwissProt Database Accession No. 
P54760), which stand for the murine and human extracellular region of Eph B4, 
respectively, or comprising an amino acid sequence which is essentially similar to SEQ ID 
NO:2 or SEQ ID NO:4, respectively, said isolated soluble polypeptide being capable of 
binding with high affinity to a mammalian ephrin B ligand. 

vi) Similarly, a further especially preferred embodiment of the invention relates to an 
isolated soluble polypeptide which comprises SEQ ID NO:6 (aa 1-229 of SwissProt 
Database Accession No. P52800) or SEQ ID NO:8 (aa 1-229 of SwissProt Database 
Accession No. P52799), which stand for the murine and human extracellular region of 
ephrin B2, respectively, or comprising an amino acid sequence which is essentially similar 
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to SEQ ID NO:6 or SEQ ID NO:8. respectively, said Isolated soluble polypeptide being 
capable of binding with high affinity to a mammalian Eph B receptor. 

vfl) The Invention also relates to a pharmaceutical composition comprising a polypeptide 
described In the preceding paragraphs l)-vi), especially such a polypeptide mentioned as 
being preferred, and to the use of such a polypeptide in particular In the production of a 
pharmaceutical composition for the treatment of a mammalian, including human disease, 
especially tumour diseases and ocular neovascularization. 

vll) Another preferred embodiment of the invention relates also to an isolated nucleic add 
molecule comprising a nucleotide sequence that encodes a polypeptide described in the 
preceding paragraphs 0-vl), especially such a polypeptide mentioned as being preferred, 
to a pharmaceutical composition comprising such a nucleic acid molecule and to the use of 
such a nucleic add molecule in particular in the production of a pharmaceutical composition 
for the treatment of a mammalian, indudlng human disease, espedaliy tumour diseases 
and ocular neovascularization. 



Ix) In a further very preferred embodiment the Invention relates to a recombinant vedor, 
espedaliy a recombinant viral vedor such as a recombinant adenoviral vector, comprising a 
nucleic add molecule described In the preceding paragraph viD), espedaliy such a nucleic 
add molecule mentioned as being preferred, to a pharmaceutical composition comprising 
such a recombinant vedor and to the use of such a recombinant vedor In particular in the 
production of a pharmaceutical composition for the treatment of a mammalian, including 
human disease, espedaliy tumour diseases and ocular neovascularization, by means of 
gene therapy. 

x) Another embodiment of the invention relates to a host cell comprising a recombinant 
vector as described in the preceding paragraph Ix), especially such a recombinant vector 
mentioned as being preferred. 

xl) The present invention also relates to a method for the treatment of a tumour disease In a 
mammal, including human, comprising: effecting an increase, In a mammal in need of such 
treatment, of the In vtvo concentration of a polypeptide described in the preceding 
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paragraphs i) - vi), especially such a polypeptide mentioned as being preferred, to a tumour 
inhibiting effective amount, wherein said polypeptide has anti-tumour activity In vivo. 

xfl) The present Invention further also relates to a method for the treatment of ocular 
neovascularization in a mammal, including human, comprising: effecting an increase, in a 
mammal In need of such treatment, of the In vivo concentration of a polypeptide described 
in the preceding paragraphs i) - vi), especially such a polypeptide mentioned as being 
preferred, to an ocular neovascularization inhibiting effective amount, wherein said 
polypeptide has anti-ocular neovascularization activity In vivo. 

The Invention most preferably relates to the sequences SEQ 10 NO:1-8, especially the 
human sequences SEQ ID NO:3 [nucleotides (nt) 86-1702 of GeneBank Database 
Accession No. U07695; nucleotide sequence coding for the extracellular domain of human 
Eph B4J, SEQ ID NO:4, SEQ ID NO:7 (nt 8-694 of GeneBank Database Accession No. 
U81262; nucleotide sequence coding for the extracellular domain of human ephrtn B2) and 
SEQ ID NO:8, and to their use according to the present Invention. 

The polypeptides useful in the practice of the present invention (Le., the polypeptides described 
In paragraphs I) - vl) above; hereinafter also referred to as "polypeptides of the Invention") can 
be delivered to an individual in need of treatment using conventional pharmaceutical 
formulations. 

An additional embodiment of the Invention relates to the administration of a pharmaceutical 
composition, in conjunction with a pharmaceutical ty acceptable carrier, for any of the therapeutic 
effects discussed above. Such pharmaceutical compositions contain as active ingredients the 
polypeptides of the invention or antf-Wotypic antibodies to these polypeptides or mtmetlcs of 
Ihese polypeptides, said active Ingredients being administered atone or In combination with at 
least one other agent, such as a stabilizing agent. In any sterile, biocompatible pharmaceutical 
carrier, including, but not limited to, saline, buffered saline, dextrose, and water. The 
compositions may be administered to a patient alone, or in combfcation with other agents, dnrgs 
or hormones. 



The pharmaceutical compositions encompassed by the invention may be administered by any 
number of routes Including, but not limited to, oral, intravenous, Intramuscular, Wra-articular, 
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Intra-arteilaJ, intrameduliaiy, intrathecal, Intraventricular, transdermal, subcutaneous, 
Intraperitoneal, intranasal, enteral, topical, subfngual. or rectal means. 

In addition to the active ingredients, these pharmaceutical compositions may contain suitable 
pharmaceutlcaly-acceptable earners comprising exclpfents and auxiliaries which faditate 
processing of the active compounds into preparations which can be used pharmaceutical. 
Further details on techniques for formulation and administration may be found In the latest 
edition of Remington's Pharmaceutical Sciences (Maack Publshtng Co., Easton, Pa.). 

Pharmaceutical preparations for oral use can be obtained through combination of active 
compounds with solid exdptent, optionally grinding a resulting mixture, and processing the 
mixture of granules, after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores. 
Suitable exctolents are carbohydrate or protein fillers, such as sugars, inducing lactose, sucrose, 
mannitol, or sorbitol; starch from corn, wheat, rice, potato, or other plants; cellulose, such as 
methyl cellulose, hydroxypropylmetiiyl-ceBulose, or sodium carboxymethylcellulose; gums 
including arable and tragacanth; and proteins such as gelatin and collagen. If desired, 
disintegrating orsoiubilizlng agents may be added, such as the cross-finked polyvinyl 
pynroUdone, agar, alglnlc acid, or a salt thereof, such as sodium alginate. 

Dragee cores may be used in conjunction with suitable coatings, such as concentrated sugar 
solutions, which may also contain gum arable, talc, polyvlnytoyrroBdone, caibopoi gel, 
polyethylene glycol, and/or titanium dioxide, lacquer solutions, and suitable organic solvents or 
solvent mixtures. Dyestuffs or pigments may be added to the tablets or dragee coatings for 
product identification or to characterize the quantity of active compound, I.e., dosage. 

Pharmaceutical preparations which can be used oraBy Include push-fit capsules made of gelatin, 
as well as soft, sealed capsules made of gelatin and a coating, such as glycerol or sorbitol. 
Push-fit capsules can contain active Ingredients mixed with a filler or binders, such as lactose or 
starches, lubricants, such as talc or magnesium stearate, and, optionally, stabilizers. In soft 
capsules, the active compounds may be dissolved or suspended in suitable liquids, such as fatty 
oils, liquid, or liquid polyethylene glycol with or without stabilizers. 

Pharmaceutical formulations suitable for parenteral administration may be formulated in 
aeneous solutions, preferably In phystotogfcaly compatible buffers such as Hanks' solution, 
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Ringer's solution, or physiologically buffered saline. Aqueous injection suspensions may contain 
substances which increase the viscosity of the suspension, such as sodium oarboxymethyl 
cellulose, sorbitol, or dextran. Additionally, suspensions of the active compounds may be 
prepared as appropriate oDy fcijection suspensions. Suitable lipophilic solvents or vehicles 
include fatty oils such as sesame ofl, or synthetic fatty acid esters, such as ethyl oleate or 
triglycerides, or liposomes. Non-Qpid pofycatlonJc amino polymers may also be used for delivery. 
Optionally, the suspension may also contain suitable stabilizers or agents which increase the 
solubility of the compounds to allow for the preparation of highly concentrated solutions. 

For topical or nasal administration, penetrants appropriate to Vie particular barrier to be 
permeated are used in the formulation. Such penetrants are generally known in the art. 

The pharmaceutical compositions of the present invention may be manufactured in a manner 
that is known in the art, e.g., by means of conventional mixing, dissolving, granulating, dragee- 
making, emulsifying, encapsulating, entrapping, or lyophillzing processes. 

The pharmaceutical composition may be provided as a salt and can be formed with many acids, 
including but not limited to, hydrochloric, sulfuric, acetic, lactic, tartaric, malic, succinic, etc. Salts 
tend to be more soluble in aqueous or other protonlc solvents than are the corresponding free 
base forms, m other cases, the prefenred preparation may be a lyophiRzed powder which may 
contain any oral of the following: 1-60 mM Mstkflne. 0.1-2% sucrose, and 2-7% mannftol, at a 
pH range of 4.5 to 5.5, that is combined with buffer prior to use. 

After pharmaceutical compositions have been prepared, they can be placed in an appropriate 
container and labeled for treatment of an indfcated condition. For administration of the 
polypeptides of the Invention, such labeling would include amount, frequency, and method of 
administration. 

Pharmaceutical compositions suitable for use h the invention include compositions where the 
active Ingredients are contained in an effective amount to achieve the intended purpose. The 
determination of an effective dose is wefl within the capability of those skilled in the art 

A therapeuticaly effective dose of active agent can be estimated initially either in eel culture 
assays or in animal models, usually mice, rabbits, dogs, or pigs. The animal model may also be 
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used to determine the appropriate concentration range and route of administration. Such 
Information can then be used to determine useful doses and routes for administration in 
humans. 

A therapeutically effective dose refers to that amount of active ingredient, for example the 
polypeptides of the invention, whfch arneforaies the symptoms or condition. Therapeutic efficacy 
and toxicity may be determined by standard pharmaceutical procedures in cell cultures or 
experimental animals, e.g., EDSO (the dose therapeuticaly effective In 50% of the population) 
and LD50 (the dose lethal to 50% of the population). The dose ratio between toxic and 
therapeutic effects is the therapeutic Index, and it can be expressed as the ratio, LD50/ED50. 
Pnarniaceuttcal compositions which exhbt large therapeutic Indices are preferred. The data 
obtained from cefl culture assays and animal studies Is used In formulating a range of dosage for 
human use. The dosage contained In such compositions Is preferably within a range of 
circulating concentrations that include the ED50 with little or no toxicity. The dosage varies within 
this range depending upon the dosage form employed, sensitivity of the patient and the route of 
administration. 

The exact dosage will be determhed by the practitioner, h light of factors related to the subject 
that requires treatment Dosage and administration are adjusted to provide sufficient levels of 
the active moiety or to maintain the desired effect Factors which may be taken into account 
include the severity of the disease state, general health of the subject age. weight and gender 
of the subject diet, time and frequency of administration, dreg combination^), reaction 
sensitivities, and tolerance/response to therapy. Long-acting pharmaceutical compositions may 
be administered every 3 to 4 days, every week, or once every two weeks depending on half-fife 
and clearance rate of the particuiar formulation. 

Nornial dosage amounts, e.g., when an exogenousiy produced polypeptide of the invention Is 
admWstered, may vary from about 0.1 to about 20 mg/kg per day, preferably from 2.5 to 20 
mg/kg per day, depending upon the route and method of administration. Guidance as to 
particular dosages and methods of delivery is provided in the literature and generally available to 
practitioners in the art Those skilled in the art win employ different formulations for nucleotides 
than for proteins or meir Inhibitors. Simflarfy, delivery of polynucleotides or polypeptides will be 
speciiic to particular ceils, conditions, locations, etc.. Various biodegradable and biocompatible 
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polymertc matrices, including microcapsules, nanospheres, and implants, are useful in the 
practice of the present invention. 

Microspheres are fine spherical particles containing active drugs. They are differentiated from 
nanospheres primarily by the size of the particle; microspheres have a diameter of less than 
approximately 1000 um, while nanospheres are submicronJc (<1 urn), microsphere systems 
contain either homogeneous monolithic microspheres, in which the drug is dissolved or 
dispersed homogeneously throughout the polymer matrix, or reservoir-type microspheres, In 
which the drug Is surrounded by the polymer matrix membrane shell. Monolithic and reservoir 
systems can also be combined. For instance, active drug can be Dispersed within, or adsorbed 
onto, the polymer surface in a reservoir-type microsphere. 

Biodegradable polymers can consist of either natural or synthetic materials that vary in purity. 
Natural polymers include polypeptides and proteins (e.g., albumin, fibrinogen, gelatin, collagen), 
polysaccharides (e.g., hyaluronic acid, starch, chitosan), and virus envelopes and living eels 
(e.g., erythrocytes, fibroblasts, myoblasts). Natural materials require cross-Unking in the 
microencapsulation process, leading to the denatu ration of the polymer and the embedded dreg. 
As a result, synthetic polymers are most commonly used. Frequently used synthetic polymers 
Include pcfy(-hydroxy) acids such as pdylactic acid (PLA), polyhydroxybutrylc add, and copoly 
(lactic/glycoBc) acid (PLGA). These compounds are biocompatible, lack immunogenictty, and 
have physical properties that permit them to be easily shaped 0© control the bioerosion rate). 

Colloidal particulate canters can also be used in the methods of the present invention for 
delivering the polypeptides of the invention. Liposomes are the preferred colloidal vehicle, and 
are composed of a phospholipid Mayer that may act as a canter for both hydrophiBc and 
hydrophobic medications. Liposomes can be made from, e.g., neutral lipids, charged 
phospholipids, and cholesterol. The addition of an amphophDic polymer such as polyethylene 
gfyod (PEG) onto the surface of a liposome can slow the clearance of liposomes. 

Administration of the polypeptides of the Invention modfted with PEG is also within the scope of 
the present hvention. PEGs are polymers comprised of repeating ethylene oxide subunlts with 
two terminal hydroxy! groups that can be chemically activated. PEG molecules come in a 
number of different configurations. PEG chains include linear and branched structures h which 
one or more PEG chains are joined with Inkers such as lysine or triazine. PEGs may be 
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attached, preferably covatentty. to a polypeptide of the invention at a single site or at multiple 
sites. Shoe branched-chain PEGs attach at single or fewer sites than do linear PEGs, branched 
PEGs may be less likely to interfere with the biologic activity of the native molecule than would 
the attachment of multiple small Inear-chain PEGs, and so are preferred. Pharmaceutical 
formulations suitable for oral admhtatratfon of proteins are described. e.g.. In U.S. Patents 
5,008,114; 5,505.962; 5,641,515; 5,681,81 1; 5,700.486; 5.768.633; 5,792,451; 5,853,748; 
5,972,387; 5,976,589; and 6,051 ,561 . 

The polypeptides of the invention can also be delivered to an individual In need of treatment 
using gene therapy methods. Any of the methods for gene therapy available In the art can be 
used according to the present invention. Exemplary methods are described below. 

In a preferred aspect, frie therapeutic comprises a nucleic add encoding a polypeptide of the 
invention that is part of an expression vector that expresses a polypeptide of the Invention or a 
chimeric proton thereof fa a suitable host in particular, such a nucleic acid has a promoter 
operably linked to the polypeptide coding region, the promoter being inducible or constitutive, 
and. optionally, tissue-specific. In another particular embodiment, a nucleic add molecule Is used 
fa which the polypeptide coding sequences and any other desired sequences are flanked by 
regions that promote homologous recombination at a desired site In the genome, thus providing 
for Mrachromosomal expression of the desired nucleic add. 

Delivery of a nudefc add encoding a polypeptide of the invention into a patient may be either 
direct, In which case the patient is directly exposed to the nucleic add or nucleic ad*carrying 
vector, or Indirect, in which case, eels are first transformed with the nudefc acid fa vitro, then 
transplanted into the patient These two approaches are known, respectively, as fa v/vo or ex 
who gene therapy. 

In a specific embodiment, a nudefc add encoding a polypeptide of the invention Is directly 
administered fa vivo, where ft Is expressed to produce the encoded product Thte can be 
aocompbhed by any of numerous methods known In the art, e.g.. by constructing It as part of 
an appropriate nucleic acid expression vector arKlao^lsterfag ft so tnat ft becomes 
Intracellular, e.g., by infection usfag a defective or attenuated retroviral or other viral vector (see, 
e.g., U.S. Pat No. 4.980,288 and others mentioned Infra), or by direct injection of naked DNA 
(see, e.g., Biezinger et at. Natum Biotechnology, 17, 343-348 (1999)) or by use of rnicropartide 
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bombardment (e.g., a gene gun; BtoOstic, Oupont), or coating with lipids or cell-surface receptors 
ortransfectlng agents, encapsulation In Ifoosomes (see, e.g., Chen et al., Cancer Research, 59. 
3308-3312 (1999)). mfcropartldes, or microcapsules, or by administering it In linkage to a peptide 
which te known to enter the nucleus, by administering It In linkage to a ligand subject to receptor- 
mediated endocytosb (see e.g.. U.S. Patents 5,166,320; 5,728,399; 5,874,297; and 8.030,954) 
(which can be used to target eel types specifically expressing the receptors), etc.. In another 
embodiment, a nuctefc ackHigand complex can be formed In which the Ugand comprises a 
fusogenlc viral peptide to disrupt endosomes, allowing the nucleic acid to avoid lysosomal 
degradation. In yet another embodiment, the nucleic acid can be targeted h vivo for cell specific 
uptake and expression, by targeting a specific receptor (see. e.g., PCT Publications WO 
92/06180; WO 92/22635; WO92/20316; W093/14188; and WO 93/20221). Alternatively, the 
nudefc acid can be Introduced IntraceBularty and incorporated within host cell DNA for 
expression, by homologous recombination (see, e.g., U.S. Patents 5,413,923; 5,416.260; and 
5,574,205). 

In a specific embodiment, a viral vector that contains a nucleic add encoding a polypeptide of 
the Invention Is used. For example, a retroviral vector can be used (see, e.g., U.S. Patents 
5,219.740; 5,604.090; and 5,834,182). These retroviral vectors have been modified to delete 
retroviral sequences that are not necessary for packaging of the viral genome and integration 
into host cell DNA. A nucleic acid encoding a polypeptide of the invention to be used in gene 
therapy Is doned into the vector, which facilitates delivery of the gene Into a patient 

Adenoviruses are another type of viral vector that can be used In gene therapy. Adenovirus 
genomes are linear, double-stranded DNA molecules of approximately 36 Kflobase pairs. Each 
extremity of the viral genome has a short sequence known as the Inverted terminal repeat (or 
ITR), which Is necessary for viral replication. The well-characterized molecular genetics of 
adenovirus render It an advantageous vector for gene transfer. Portions of the viral genome can 
be substituted with DNA of foreign origin, in addition, recombinant adenoviruses are structurally 
stable and no rearranged viruses are observed after extensive amplification. 

Adenoviruses are especialy attracfive vehfctes for delivering genes to respiratory epftheOa, 
Adenovlreses natunaBy Infect respiratory eplthefla where they cause a mid disease. Other 
taraeteforaderKMm8-ba8eddeGvety 

endothelial cells, and muscle. Adenoviruses haw the advantage of being capable of Infecting 
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non-dMdhg cells. Methods for conducting adenovlius-based gene therapy are described In e.g., 
U.S. Patents 5,824.544; 5,868.040; 5,871 ,722; 5,880.102; 5.882,877; 5,885,808; 5,932^10; 
5,981,225; 5,994,108; 5,994,132; 5,994,134; 8.001,557; and 8,033,8843. 

In a specific embodiment, the nucleic acid to be introduced for purposes of gene therapy using 
an adenoviral vector comprises an Inducible promoter opembly Inked to the cooing region, such 
that expression of the nucleic add is controllable by controlling the presence or absence of the 
appropriate inducer of transcription. 

The hoorporation of genomic elements into the adenoviral vector may provide for enhanced 
expression of the DNA sequence encoding a polypeptide of the Invention. Thus, in accordance 
with another aspect of the present invention, there is provided an adenoviral vector Including at 
least one DNA sequence encodrhg a polypeptide of the invention, and at least one genomic 
element affecting the expression of such DNA sequence. The term "genomic element" is used 
as previously defined. Such genomic elements include, but are not limited to, Introns, the 5' 
untranslated region, and the 9 untranslated region, and portions of the introns and 3* and 5' 
untranslated regions. The adenoviral vector may be as herein described. Promoters which 
control the DNA sequence may be selected from those described herein and from those known 
in the art. 

The vector, consisting of MectJous, but replication-defective, viral particles, which contain at 
least one DNA sequence encoding a polypeptide of the invention, Is administered in vivo to a 
host h an amount effective to treat neovascularization or a tumour disease in the host The host 
may be a mammalian host. Including human and non-human primate hosts. 

A viral vector can be administered In an amount of from about 10* plaque forming units 
(pfu) to about 10 14 plaque forming units, preferably from about 10 s plaque foiming units to 
about 10" plaque forming units, more preferably from about 10* plaque forming units to 
about "lO 10 plaque forming units. Adenoviral vectors, In the quantities set out above, are 
preferred. 

The infectious vector particles can be administered systemfcally, such as, for example, by 
Intravenous administration (such as, for example, via peripheral vein Injection) or administered 
via the portal vein, to the Me duct, htramuscuiarty, IrttraperttoneaJfy, or Intranasal Alternatively, 
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infecfious vector particles can be administered locally, by, e.g. intraocular infection or Ejection at 
the efte of a tumour. Intraocular Injection can be either into the anterior or posterior chamber of 
the eye. e.g., into the aqueous humor or vitreous humor. Alternatively, the injection can be 
subretlnal, e.g., by Injection of aDquots (e.g., 1 to 10 microliters per aliquot) of vector-containing 
solution behind the retina, after which the solution is absorbed and the infectious vector particles 
Infect local cells of the ocular tissues and produce the active polypeptide. Such administration 
can comprise either a single injection, multiple Injections administered on the same day, single 
Injections administered over a period of weeks or months, or multiple Injections administered 
over a period of weeks or months. 

The vector particles may be administered In combination with a pharmaceutical acceptable 
cantor suitable for administration to a patient The carrier may be a liquid carrier (for example, a 
saline solution), or a soDd carrier, such as, for example, mlrocarrier beads. 

Adeno-associated vims (AAV) has also been proposed for use in gene therapy, including e.g. 
endostatti gene therapy for tumours (see, e.g., Nguyen et al. f Cancer Research, 58, 5673-5677 
(1998)). Methods for producing and utllzing AAV are described, e.g., in U.S. Patents 5,173,414; 
5,252,479; 5,552,31 1 ; 5,658,785; 5,763,416; 5,773,289; 5,843,742; 5,869,040; 5,942,496; and 
5,948.675. 

Other viral vectors which can be used in accordance with the present Invention include 
especially gutless adenoviral vector, retrovfral-based vectors such as Moloney murine leukemia 
virus and spleen necrosis virus, and other vectors derived from retroviruses such as Rous 
Sarcoma virus, Harvey sarcoma virus, avian leukosis virus, myeloproliferative sarcoma virus and 
mammary tumour virus. LentMral vectors are also preferred, especially bovine 
immunodeficiency viral vectors, such as those cfsdosed in PCT publication WO 01/44458. 

Another approach to gene therapy involves transferring a gene to cells in tissue culture by such 
methods as etectroporation, ^perfection, calcium phosphate mediated transfectton, or viral 
Infection. Usually, the method of transfer Includes the transfer of a selectable marker to the cells. 
The ceBs are then placed under selection to Isolate those cells that have taken up and are 
expressing the transferred gene. Those cells are then deivered to a patient 
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In this embodiment, the nucleic add to introduced into a cei prior to administration in vtvo of the 
resulting recombinant cell. Such introduction can be carried out by any method known In the art. 
including but not limited to transection, electroporation, microinjection, infection with a viral or 
bacteriophage vector containing the nucleotide sequences, cell fusion, chromosome-mediated 
gene transfer, mteroceB-mediated gene transfer, spheropiast fusion, etc.. Numerous techniques 
are known in the art for the Introduction of foreign genes into cells and may be used in 
accordance with the present invention, provided that the necessary developmental and 
physiological functions of the recipient ceils are not disrupted. The technique should provide for 
the stable transfer of the nucleic acid to the cell, so that the nucleic add is expressible by the cell 
and preferably heritable and expressible by Its ceil progeny. 

Methods for the production and administration of such cells (Le., those that produce high levels 
of protein from either endogenous or exogenous genes or nucleic acids) are described h, Inter 
alia, U.S. Patent Nos. 5.641.670; 5,733,761; 5.968,502; 6,048.729; 6.054,288; 8,063.630; and 
6,187,305. in a preferred embodfcnent, cells producing a polypeptide of the Invention are 
delivered In microencapsulated form, e.g., in the form of cells microencapsulated In sodium 
alginate or caldum alginate poly Uysfrie alginate (see, e.g., Read et at., Nature Biotechnology 
19, 29-34 (Jan 2001) and JokJ et aL, Nature Biotechnology 19, 35-39 (Jan 2001)). The 
microencapsulated ceils can be implanted proximaJly to the eye or the tumour, or at a site where 
a polypeptide of the invention produced by the ceils will most qufckJy enter the subject's 
bloodstream, e.g., in the liver. The amount of cells envisioned for use depends on the desired 
effect, patient state, etc. and can be determined by one skilled in the art. 

Cells into which a nucleic add can be Introduced for purposes of gene therapy encompass any 
desired, available cell type, and include but are not limited to epithelial cells, endothelial cells, 
keratinocytes, fibroblasts, muscle cells, hepatocytes; blood eels such as T lymphocytes, B 
lymphocytes, monocytes, macrophages, neutrophils, eoslnophls, megakaryocytes, 
granulocytes; various stem or progenitor eels, in particular hematopoietic stem or progenitor 
eels. e.g., as obtained from bone marrow, umbilical cord blood, peripheral blood, fetal liver, etc.. 

In a preferred embodiment, the cell used for gene therapy Is autologous to the patient . 



h an embodiment In which recombinant cells are used In gene therapy, a mjcteic add encoding 
a polypeptide of the invention is Introduced Into the eels such that it is expressfcle by the cells or 



WO 02/26827 




PCT/EP01/11252 



-16- 



their progeny, and the recombinant ceDs are then administered In vtvo for therapeutic effect In a 
specific embodiment, stem or progenitor cells are used. Any stem-and/br progenitor cells which 
can be isolated and maintained in vitro can potentially be used in accordance with this 
embodiment of the present Invention. Such stem cells Include but are not limited to 
hematopoietic stem eels (HSCs), stem eels of epHheOaJ tissues such as the skin and the lining 
of the gut, embryonic heart muscle cells, Iver stem cells (see. e.g.. WO 94/08598), and neural 
stem cells. 

Epithelial stem cells (ESCs) or keraflnocytes can be obtained from tissues such as the skin and 
the lining of the gut by known procedures. In stratified epfthelal tissue such as the skin, renewal 
occurs by mitosis of stem cells wfthrn the germinal layer, the layer closest to the basal lamina. 
Stem cells within the fining of the gut provide for a rapid renewal rate of this tissue. ESCs or 
keraanocytes obtained from the skin or lining of the gut of a patient or donor can be grown in 
tissue culture. If the ESCs are provided by a donor, a method for suppression of host versus 
graft reactivity (e.g., Insolation, drug or antibody administration to promote moderate 
Immunosuppression) can also be used. 

Wih respect to HSCs, any technique which provides for the isolation, propagation, and 
maintenance In vitro of HSCs can be used In this embodiment of the invention. Techniques by 
which this may be accomplished include (a) the isolation and establishment of HSC cultures 
from bone marrow cells isolated from the future host, or a donor, or (b) the use of previously 
established long-term HSC cultures, which may be aflogeneb or xenogeneic. Non -autologous 
HSCs are used preferably in conjunction with a method of suppressing transplantation Immune 
reactions of the future host/patient In a particular embodiment of the present invention, human 
bone marrow eels can be obtained from the posterior liac crest by needle aspiration (see, e.g., 
Kbdo et al., 1984, J. Clin. Invest 73:1377-1384). HSCs can be made highly enriched or In 
substantially pure form. This enrichment can be accomplished before, during, or after long-term 
cuHurfng, and can be done by any techniques known h the art Long-term cultures of bone 
marrow cells can be established and maintained by using, for example, modified Dexter ceil 
culture techniques (Dexter et at. 1977. J. Cell Physiol 91 :335) or WWock-Wltte culture 
techniques (Wfttock and Wltte, 1982, Proa Natl. Acad. Set USA 79:3608-3612). 
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It is understood, however, that the scope of the present invention Is not to be limited to the 
specific embodiments described above. The invention may be practiced other than as 
particularly described and still be within the scope of the accompanying claims. 

The pharmacological useful properties of the polypeptides of the present invention as 
therapeutics against tumour diseases and ocular neovascularization can be demonstrated 
for example by using known animal models for said diseases, such as those described e.g. 
in the Examples below, and applying the polypeptides, nucleic acid molecules or 
recombinant vectors of the present invention in these models. 

Description of the Bourns: 

Flo. 1: Growth of A375 tumours in the flanks of immunosuppressive mice, measured as 
tumour weight 1 4 days after application of tumour ceils. 

Control: Tumours which develop within 14 days after application of 1x1 0* A375 tumour 

cells, that are stably transf acted with the empty pCDNA3 vector. 

8-EphB4: Tumours which develop within 1 4 days after application of 1 x1 0° A375 tumour 

cells, which are stably transf ected with the pCDIMA3 vector containing the coding sequence 

for the extracellular domains of the Eph B4 receptor and which secrete the soluble s-EphB4 

polypeptide. 

$-ephrinB2: Tumours which develop within 14 days after application of 1x10° A375 tumour 
cells, which are stably transf ected with the pCDNA3 vector containing the coding sequence 
for the extracellular domains of the ephrin B2 ligand and which secrete the soluble 
s-ephrinB2 polypeptide. 

Flo. 2: Growth of A375 tumours in the flanks of Immunosuppressive mice. 
Immunosuppressive mice are injected either In both flanks with A375 control tumour cells 
(animal group 1), or are injected in both flanks with A375 tumour cells which secrete 
s-EphB4 (amlnal group 2), or are Injected In the left flank with A375 control tumour cells and 
in the right flank with A375 tumour cells which secrete s-EphB4 (amlnal group 3). The figure 
shows the tumour weight after 14 days (A) and the growth of the tumours (B). In the graph 
depicting the growth of tumours, for animal groups 1 and 2 the tumour volume of tumours 
from both flanks Is determined. 
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Examples; 

The following Examples serve to Illustrate the invention without limiting its scope. 

Example 1 : Inhibition of tumour anoiooenesls and tumour growth bv expression of the 
soluble extracellular domains of murine Eoh B4 (murine s-EohB41 or e ohrin B2 /murine s- 
ephrtnB2)in tumour cells. 

Cloning of murine s-EphB4 and s-ephrinB2 eukaryotJc expression vectors: 
The nucleotide sequences coding for the soluble extracellular domains of murine Eph B4 
(SEQ ID NO:1; nt 103-1719 of GeneBank Database Accession No. U06834) and murine 
ephrln B2 (SEQ ID NO:5; nt 161-847 of GeneBank Database Accession No. L38847) are 
amplified by means of sequence-specific oligonucleotide primers and Reverse Transcription 
Polymerase Chain Reaction (RT PCR) from isolated total RNA from mouse cerebral tissue 
or mouse kidney tissue, and modified with corresponding restriction cleavage sites as well 
as a stop codon. The amplified DNA is cloned by means of Hindlll and BamHI into the 
vector pCDNA3 (Invitiogen) and the accuracy of the sequence is checked. The pCDNA3 
vector contains the cytomegalovirus (CMV) promoter region and the G41 8 resistance gene. 
With this vector, the corresponding polypeptides s-EphB4 and s-ephrinB2 can be 
constitutlvety expressed in mammal cells under the control of the CMV promoter. 

Generation of stably transf acted tumour cells, which express either s-EphB4 (SEQ ID N02) 
or s-ephrinB2 (SEQ ID NO:6): 

The recombinant vectors with the specific murine s-EphB4 and s-ephrinB2 nucleotide 
sequences, as well as the empty vector, are transfected with Dpofectln (Gibco, LifeScience) 
into A375 human melanoma cells (ATCC No.: CRL-1619). Stable cell clones are generated 
by selection with 0.5 mg/ml G418 (Gibco, LifeScience). The expression of s-EphB4 and s- 
ephrfnB2 Is verified by Northern analysis and by a ligand receptor binding test [to this end, 
each 2 ml of conditioned tumour cell medium is concentrated by about five times (Amicon, 
Zentriprap). 0.1 ml of concentrate is applied to a nitrocellulose membrane, and the 
membrane Is subsequently incubated for one hour at room temperature in Trls-buffered 
saline (TBS) with 1% BSA. s-ephrinB2 Is detected by incubation with biotJnilated s-EphB4- . 
Fc fusion protein (1 ug/ml; R&D Systems, Minneapolis, MN) and streptavkJin coupled 
alkaline phosphatase. s-EphB4 is detected by Incubation with bloUnilated s-ephrinB2-Fc 
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fusion protein (1 jig/ml; R&D Systems, Minneapolis, MN) and streptavldin coupled alkaline 
phosphatase. Evidence of binding is found by enzymatic detection of the alkaline 
phosphatase]. In the proliferation assay, the transfected cell clones did not show differing 
growth kinetics (for the proliferation test. 8000 cells were seeded In a 24-well cell culture 
plate and the cell count was determined after 24. 48, 72 and 96 hours). 

The influence of s-EphB4 and s-ephrfnB2 on tumour growth and tumour anglogenesis: 
1x10* transfected A375 tumour cells are each injected Intradermal^ into one or both flanks 
of Immunosuppressive mice. Tumour growth is monitored over 14 days. After 14 days, the 
test animals are killed, the tumours prepared, weighed and examined histologically and by 
means of bnmunohistochemistry. 

Monitoring of the body weight of the test animal, as well as observation of conspicuous 
behavioural patterns, are canted out to check for acute toxic side effects. 

Results: 

Anknals which are Injected with tumour ceils (A375), which constltutively secrete either s- 
EphB4 or s-ephrinB2, develop considerably smaller tumours than animals which are 
injected with control cells, which are transfected with the empty vector (Fig. 1). The tumours, 
which are formed by A375 tumour cells and constltutively secrete either s-EphB4 or s- 
ephrinB2, have a disordered vessel structure compared to control tumours. 
Animals that are Injected with control tumour cells In both flanks develop tumours of equal 
size on both flanks. The kinetics of tumour growth Is unchanged on both flanks {for the 
kinetics of tumour growth, the tumour volume (greatest diameter and perpendicular on this 
diameter) is measured by a slide gauge. The volume is determined by the factor 
0.5 x tumour diameter [mm] x perpendicular 2 [mm 2 ]}. Animals which are Injected In both 
flanks with s-EphB4 secreting tumour cells, develop tumours of equal size on both sides, 
but the tumour size is significantly smaller than that of the corresponding control tumours. 
The kinetics of tumour growth is unchanged on both flanks. 

Animals which are injected with control tumour cells In the left flank and s-EphB4 secreting 
tumour ceils h the right flank, develop tumours of different size. On the left flank, 
considerably smaller control tumours develop, compared with the control tumours of 
animals which are Injected with control ceils In both flanks (Fig. 2 A. B). 
In the groups of test animals, conspicuous behaviour patterns, such as motor disorders or 
hypermotor activities, are not observed, nor noticeable weight loss. 
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Example 2: Therapeutical application of re combinant s-EohB4 (SEQ IP NO;2) and 8- 
whrtnB2fSEQIPNQ:9) ft 

The cDNA sequences coding for the soluble extracellular domains of the murine Eph B4 
receptor (SEQ ID NO:1) or for those of the murine ephrin B2 ngand (SEQ ID NO;5), are 
cloned into a eukaryotic expression vector (for example pCDNA3, see also Example 1). 
■Chinese Hamster Ovarian" (CHO) cells are transected with these recombinant vectors and 
stable ceB clones are Isolated by selection markers. 

The expression levels of secreted soluble s-EphB4 protein and 8-ephrinB2 protein from 
stably transf ected CHO cell clones are determined by Western Blot Analysis (anti-EphB4 
antibodies, Santa Cruz Ltd; antt-EphrinB2 antibodies, R&D Systems, Minneapolis, MN). 
Functionality is tested In a binding test, in which ceD supematants of stably transf ected CHO 
cells are applied to a nitrocellulose membrane, the membrane Is subsequently incubated for 
one hour at room temperature In TBS with 1% BSA. s-ephrinB2 Is detected by Incubation 
with blotinllated s-EphB4-Fc fusion protein (1 jig/hil, R&D Systems, Minneapolis, MN) and 
streptavidin coupled alkaline phosphatase. s-EphB4 is detected by Incubation with 
blotinllated s-ephrinB2-Fc fusion protein (1 jxgfrnl, R&D Systems, Minneapolis, MN) and 
strepdavtdln coupled alkaline phosphatase. Evidence of binding Is found by enzymatic 
detection of the alkaline phosphatase. CHO cell clones which noticeably secrete 
functionally active s-EphB4 protein or s-ephrtnB2 protein are fermented and the 
recombinant proteins from the cell supernatant are purified. Purification is carried out by 
column chromatography with ConcavalinA affinity chromatography (Amersham/Pharmacla) 
followed by DEAE sepharose (AmerehanVPharmada). Separation according to size Is then 
carried out by gel filtration. The purified protein is dissolved In "Hanks buffered salt solution" 
(HBSS), sterile-filtered and stored in lyophilfsed state. Directly before therapeutical usage, 
the protein Is dissolved In e.g. sterile water In a concentration of 2 rng/ml. 

Therapy test 

A375 tumours are Induced by Intradermal Injection of 1x1 0 8 A375 melanoma cells Into the 
flanks of immunosuppressive mice. Animals which develop a readily tangible tumour are 
treated by daily Intraperitoneal Injection of 0.1 mg/antmal of recombinant protein and 
oompared with tumour-bearing control animals which are given the same Intraperitoneal 
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volume of HBSS. The success of therapy is determined by the tumour growth and 
histochemical and immunohlstochemical characterization. 

Monitoring of the body weight of the test animal, as weD as observation of conspicuous 
behavioural patterns, are carried out to check for acute toxic side effects. 

Results: 

A375 tumour-bearing, immunosuppressive mice, which receive injections of recombinant, 
purified s-EphB4 poJypeptid or s-ephrinB2 polypeptld, develop considerably smaller tumours 
with disorderd vessel structure compared to control animals which are given corresponding 
volumes of HBSS. 

In the groups of test animals, conspicuous behaviour patterns, such as motor disorders or 
hypermotor activities, are not observed, nor noticeable weight loss. 

Example 3: Generation and characterization of an adenoviral vector contalplno the DNA 
encoding for the soluble extracellular f mo ment of the human Eoh B4 receptor 

Construction of adenoviral (Av3) vector expressing the extracellular domain of human Eph 
B4 receptor (human s-EphB4): 

The cDNA encoding the extracellular domain of human Eph B4 Is PCR-amplifled from 
human fetus whole Marathon-Ready cDNA (Clonetech Laboratories. Inc. Palo Alto. CA) with 
the primers; sense (5'- ATC ACT QCT AQC AAC TCA GTT CGQ ATC CTA CC-3 1 ) and 
antisense (5'- ATC ATA GCT AGC TCA CTG CTC CCG CCA GCC CTC GC -3 1 ). The PCR 
amplifies the region encoding the first 537 amino adds coding region of human Eph B4 (aa 
1-537 of SEQ ID NO:4), Including the signal peptide (the first 15 amino acids) and 
extracellular region of the mature Eph B4 receptor protein (16 to 537 amino acids). PCR is 
carried out with Pfu DNA polymerase (Stratagene, La Jolla. CA) in the presence of 1 pM 
primers as described, 0.4 mM dNTP, 1 .5 mM MgCfe, and 1 ng cDNA. The reaction Is run for 
35 cycles with the following conditions: 94 °C hot start for 1 min, 95 °C denatu ration for 1 
mln, 62.5 to 67.5 °C with 0.5 °C thermal gradient annealing for 1 min, 72 °C extension for 3 
mln, and ended at 72 °C extension for 10 min. The 1674 base pairs (bp) s-EphB4 containing 
DNA fragments are pooled together, gel-purified and subdoned Into pPCR-script plasrrdd 
according to the manufacturer's procedure (Stratagene, La Jolla, CA). The Nhe1 digested 
8-EphB4 DNA fragment Is gel purified and cloned Into the Spe1 site of the adenoviral 
shuttle plasmld, pAvsCvXbc [this vector contains the left end of the adenoviral vector 
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Including the left inverted terminal repeat (ITR), a CMV promoter, an adenovirus major late 
promoter tripartite leader sequence, a multiple cloning site for Inserting the transgene of 
Interest, a SV40 early polyadenylatlon signal, and a loxP site], downstream of the simian 
CMV promoter and upstream of the SV40 polyadenylatlon signal to generate pAvCshs- 
EphB4-C16. The DNA sequence of the entire PCR-amplrfied region of the pAvCshs-EphB4- 
C16 Is confirmed by sequence analysis by the Gene Therapy Core Technologies Molecular 
Core Laboratory. ' 
The recombinant adenoviral vector Av3Cshs-EphB4 (with E1, E2a. and E3-deletlons) Is 
generated in the following manner. The pAvCshs-EphB4-C16 and pSQ3 (a 31*574 bp 
plasmid vector containing the right hand portion of the adenoviral vector genome and a loxP 
site that allows Cro-me dialed recombination with pAvCshs-EphB4-C16) are first linearized 
with Notl and Clal restriction enzymes, respectively. A transient transection is performed on 
a 6-well plate containing S x 10 s S8 cells [S8 cells are derived from A549 cells (ATCC No. 
CCL-1 85) that have been transfected with plasmkJs containing the E1 and E2a regions, 
respectively, of the adenoviral vector (see also: Qorziglla et al., J. Virology 70. 4173-4178, 
1996] per well using the LIpofectAMINE PLUS reagent (Ufe Technologies, Rockvllle, MD) 
according to the manufacturer's procedure. The cells are cultured with media in the 
presence of 0.3 uM of dexamethasone the day before transection. The DNA-PLUS Is 
prepared with 0.5 ug of linearized pAvCshs-EphB4-C16, 1 ng of linearized pSQ3 and 0.5 pg 
of the expression plasmid pC-Cre3.l encoding the Cre recomblnase, in a 100-pl Optimen 
(Life Technologies) with 6-pl of PLUS reagent After 15 mln of incubation, the DNA-PLUS is 
mixed with 0.8-mi of 1 to 200-fold diluted lipofectAMINE Reagent The DNA-PLUS- 
LipofectAMINE complex is added to the cells and Incubated for 3 hours. The medium is 
then replenished with fresh medium. After seven to ten days incubation, cytopathic effect 
(CPE) is observed. The cells and the medium are harvested by scraping. A crude viral 
lysate (CVL) is prepared from 1 ml resuspended cell pellet by five cycles of freezing and 
thawing. The Av3Cshs-EphB4 vector Is re-ampM led In S8 cells with 0.3 pM dexamethasone 
In Richter's CM medium containing 5% FBS until CPE was observed. The CVL Is plaque- 
purified. The harvested single plaque free of replication competent adenovirus (RCA) is 
selected to generate purified vector. 
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Av3Cshs-EphB4 research seed lot characterization: 

The research seedlot purified Av3Cshs-EphB4 vector Is scaled up by the GTI Gene 
Therapy Core Technologies. The adenoviral vector titer (particles/ml) and biological titer 
(pfu/ml) are determined as described (Mfttereder, N., March, K.L., and TrapneB, B.C. (1998) 
J. Vim. 70, 7498-7509) by GTI Gene Therapy Core Technologies. The ratio of total particles 
to Infectious particles (partlcles/pfu) Is calculated. 

Characterization of recombinant Av3Cshs-EphB4: 

Genomic DNA is prepared from the purified Av3Cshs-EphB4 vector using DNA Isolation kit 
(Genua Systems, Minneapolis, MN) according to the manufacturer's procedure. Various 
restriction digests by BamHI, Xba1, and Xhol of the purified vtrai DNA of Av3Cshs-EphB4, 
are compared on 1 .0% agarose-TAE gel and stained with ethidium bromide to vlsulize the 
various digests for the verification of the correct genome structure and purity. 

Northern blot analysis: 

Hep3B (ATCC No. HB-8064) and A549 cells are transduced with Av3Cshs-EphB4, or the 
control Av3CsNull (same genome structure with no transgene in the expression cassette) 
vectors at the particles to cell ratio of 750. 72 hours after transduction, the cell pellets are 
harvested. Total RNA is isolated using the RNA-DNA STAT 60 (Tel-Test) extraction method. 
Northern blot analysis is carried out according the standard procedure. A 20 ug aliquot of 
total RNA Is analyzed on 1% agarose formaldehyde/MOPS gel. RNA is transferred to a 
nylon membrane and prehydridfzed In the solution of 6.75% SDS, 0.5M NaPO», pH 7.0, 1 .0 
mM EDTA, pH 8.0, 5 ug/ml BSA, and 100 ug/ml sheared, denatured salmon sperm DNA. 
The probe of 1368 bp s-EphB4 internal fragment Is generated by EcoN1 digestion, gel 
purified and "P-labeied. The membrane is hybridized with a [^-labeled s-EphB4 internal 
probe at 68 °C overnight and washed In SSC/SDS containing buffers at 68 °C following the 
standard protocol. The membrane is exposed to an x-ray film at -70 °C overnight The 
membrane is reprobed with f^J-labeled Glyceraktehyde-3-phosphate dehydrogenase 
(GAPDH) internal probe to verify equal amount of RNA loaded on each lane. 

SDS-PAGE and Western blot analysis: 

S8 and Hep3B cells are transduced with Av3Cshs-EphB4 or the control, Av3CsNuB vector 
at the particles to cells ratio of 100 and 500, respectively. 72 hours post transduction, the 
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condWonod media are collected and subjected to SDS-PAGE analyses. The resolved 
protein bands are then eiectrotransferred to PVDF membrane using the Mini Tans-blot 
Bectrophoretlc Transfer CeU (Cat# 165-3165, Blo-Rad). Western blot analyses are canted 
out according to the following procedure. Briefly, the membrane blot is blocked with blocking 
buffer (5% powdered milk, 0.1% Tween-20 and PBS buffer) for 30 mln, probed with 1 :1000 
diluted rabbit antJ-EphB4 antiserum (generated at QT1 through outside service by Affinity 
Bioreagents Inc., Golden, CO) In blocking buffer at 4 °C overnight, probed with 1 :5000 
diluted Horse Radish Peroxidase (HRP)-conjugated anti-rabbit JgG antibody In TPBS (0.1% 
Tween-20 and PBS buffer) (Ameraham Pharmacia Biotech) at 4 °C for 1 hour and 
developed in chemOuminescence detection mixture (ECL kit, Ammersham Pharmacia 
Biotech) for 1 mln followed by x-ray film exposure. 

Polyclonal an«-EphB4 antiserum Is generated according to the following procedure. The 
rabbits are immunized with KLH conjugated synthetic peptide of (C)DGQWEELSGLDEEQH 
(amino acids 39-43 of internal region of human Eph B4) followed by two boost injections 
every other month. Sera are colected and confirmed with reactivity directed against peptide 
antigen by ELISA and against Eph B4 protein by Western blot using purified recombinant 
Mouse EphB4/Fc chimera protein (Cat#446-B4, R&D Systems, Minneapolis, MM). 

Solid phase EphB4-ephrinB2 binding assay: 

The solid phase assay is carried out as described In the following procedure. Briefly, mouse 
EphB4/Fc chimera (Cat#446-B4-200. R&D Systems) Is Immobilized on a 96well Nunc- 
Immuno™ plate with potySorpTM surface (Fisher) at 4 °C overnight. After 4 washes with 
TPBS (0.5% Tween-20 in DPBS), the plate is blocked with 10% FBS In DPBS for 30 min 
followed by 6 washes with TPBS. Various concentration of blotlnylated mouse ephrinB2/Fc 
chimera (Cat#BT496, R&D Systems) In DPBS is then incubated with Immobilized mouse 
EphB4/Fc chimera for 1 to 2 hours. After extensive washes with TPBS, the plate Is 
Incubated with 100 pi of 0.23 ug/ml of Avldln-HRP (Cat#21 123, Pierce) for 1 hour followed 
by development in the Horseradish Peroxidase substrate mixture of 3, 3'. 6, S'-tetramethyl- 
benzidine solution and hydrogen peroxide (Cat # 172-1064, Blo-Rad, Hercules, CA) for 10 
to 30 mln. The colored product is determined by absorbance at 41 5 nm by an ELISA reader. 
To determine the Inhibitory effect of s-EphB4, 100 ng/ml (2.1 nM) of blotinylated mouse 
ephrinB2/Fc chimera is incubated for 30 mln to 1 hour with Increasing amounts of 
conditioned medium from untreated control S8 cells or S8 cells transduced with either null 
vector or s-EphB4 expressing vector prior to incubation of the mixture with Immobilized 
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EphB4/Fc. Data is analyzed using Prism nonlinear regression curve fit to determine the 
best-fit curve and Kd, concentration of ligand required to reach half-maximal binding. 

Matrigel Implant Assay: 

Liquid Matrigel (a sterile extract of basement membrane proteins) is obtained from Fisher 
Scientific, Part number CB40234C, mixed with test substances and preloaded into a 1 .0 ml 
tuberulin syringes with G27 needles. Male nude mice (Harlan) weighing about 20 g are 
anesthesized and 0.45 ml of the undiluted Matrigel alone or the undiluted Matrigel 
containing 1 pg/ml of FGF-2 (Fibroblast Growth Factor 2) or 3 jig/ml of VEGF (Vascular 
Endothelial Growth Factor, R&D Systems, Minneapolis, Minnesota) and 5 x 1 0 s S8 cells 
transduced at 100 MOI (multiplicity of Infection) with either null vector or s-EphB4 
expressing vector are injected subcutaneously into the dorsal caudal portion of the midline 
(1 injection/animal) using a G27 needle. For VEGF-induced angiogenesis, 20 U/ml heparin 
is also included. The Matrigel will rapidly form a solid gel that persists for over 7 days. On 
day 7. all animals are euthanized by CO2 and Matrigel plugs are harvested for histological 
analysis and hemoglobin measurement 

Hemoglobin Analysis: 

Matrigel plugs are snap frozen with dry ice and dried over night. The dry weight Is recorded 
and the plug rehydrated with 0.5 ml of 0.5% Tween-20 and water. After homogenlzatlon, 
the mixture is centrffuged at 14,000 rpm in a desktop centrifuge (Eppendorf 5415C, 
Brinkmann instruments. Inc. Westbury. NY) for 30 mln. Supernatant fluid Is collected and its 
absoibence read at 405nm and converted to jig hemoglobin per mg Matrigel using a 
standard curve generated with hemoglobin standards. Data represent mean + SEM, n - 10. 
Experiments are done at least twice. 

Results: 

The gene therapy vector. Av3Cshs-EphB4 mediates s-EphB4 expression and secretion: 
Northern blotting analysis indicates that Av3Cshs-EphB4 transduced Hep3B and A549 cells 
express a 1.8 Kb mRNA transcript that specifically hybridizes to the Eph B4 cDNA probe. In 
Av3Cshs-EphB4 transduced S8 (without dexamethasone) and Hep3B cells. Western blot 
analysis also reveals a band with an apparent molecular mass of 85 kDa. This band Is not 
observed in cells transduced with Av3CsNull or In untreated cells. The predicted molecular 
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mass of the expressed s~EphB4 protein is considerably smaller (57 kDa), suggesting that at 
least one of the three potential glycosylate sites Is glycosylated. 

Inhibition of EphB4-ephrfnB2 binding by s~EphB4: 

In the solid phase assay, dose-dependent saturation binding Is demonstrated with the best 
curve-fit equation of Absorbence «= AbsMax x [biotinylated ephrinB2y(Kd + [biotinyiated 
ephrlnB2]) revealing a dissociation constant of 1.16 ±0.24 nM. AbsMax represents the 
absorbance at saturated biotinylated ephrinB2 concentration. The binding assay is then 
used to determine If s-EphB4 can effectively Interfere with this binding. As shown in Table 
1 , conditioned media from untreated S8 cells and S8 transduced with null vector actually 
enhance the binding of Eph B4 with ephrin B2. In contrast, conditioned media prepared 
from Av3Cshs-EphB4 transduced S8 substantially Inhibit the binding in a dose-dependent 
manner. These results indicate that this gene therapy vector can direct the expression of 
the extracellular domain of the Eph B4 receptor and can block the interaction of Eph B4 
with its cognate partners. 

Adenoviral vector expressing the extracellular domain of Eph B4 can inhibit both VEQF and 
FGF-2 directed angiogenesls: 

As shown In Table 2, VEGF and FGF-2 are both able to substantially Induce angiogenesls 
as measured by the increase in hemoglobin content in the Matrlgel plug. However, FGF-2 is 
a more potent inducer of angiogenesls In this model (Table 2). Histological analysis reveals 
that the increase In hemoglobin content correlates with an Increase in the number of blood 
vessels. The addition of Av3Cshs-EphB4 transduced cells substantially Inhibits both VEGF- 
and FGF-2-lnduced angiogenesls. These results indicate that the soluble, extracellular 
domain of Eph B4 can Inhibit angiogenesls induced by VEGF or FGF-2. 
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Table 1: Inhibition of EphB4-ephrinB 2 binding bv gene therapy vector-mediated 
expression of the soluble, extracellul ar domain of Enh B4 





Absorbance at 41 5 nm 


%Condftloned 
media 


Untreated S8 cells 


S8/Av3CsNuH 


S8/Av3Cshs-EphB4 


0 


0.63 ±0.06 


0.52 ±0.11 


0.60 ± 0.06 


12.5 


0.74 ±0.06 


0.55 ±0.09 


0.43 ±0.07 


25 


0.89 ±0.11 


0.81 ±0.14 


0.41 ± 0.03 


50 


0.81 ±0.15 


0.76 ±0.10 


0.31 ±0.02 


100 


0.97 ±0.03 


0.90 ±0.26 


0.29 ±0.01 



Table 2; Inhibition of h vivo analooenesls bv oene thera p y vector-mediated 
expression of the soluble, extracellul ar domain of Eoh R4 



Treatment 


Hemoglobin content/ 
Matrigel rjig/mg] 


SEM 


% Inhibition 


Matrigel alone 


0.48 


0.06 




VEGF + null vector 


4.24 


0.46 




VEGF + s-EphB4 


2.47 


; 0.31 


47% 


FGF + null vector 


12.85 


1.68 




FQF + s-EphB4 


9.01 


1.26 


31% 
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Example 4: Application of Av3Csms-EphB4 or Av3Csms^phrinB2 vector In a mouse 

tymwrmpcfrli 

The recombinant adenoviral vectors Av3Csms-EphB4 and Av3CshsephrinB2 which contain 
the DNA encoding the soluble extracelular fragment of murine EphB4 and ephrinB2, 
respectively, are prepared analogously to the preparation of Av3Cshs-EphB4 as described 
In Example 3 above using the murine s-EphB4 and s-ephrlnB4 cDNAs, respectively, Instead 
of the human s-EphB4 cDNA. 

Gene therapy: 

A375 tumours are Induced by intradermal injection of 1x1 0 6 A375 melanoma cells into the 
flanks of immunosuppressive mice. Animals which develop a readily tangible tumour are 
treated by intravenous injection of Av3Csms-EphB4 or Av3CshsephrinB2 (1x10° "plaque 
forming units 0 (pfu)/animal - 1x10* pfu/anfmal) and compared with tumour-bearing control 
animals which are treated with recombinant control adenoviruses (same genome structure 
with no tiansgene in the expression cassette) vectors. The success of therapy is 
determined by the tumour growth* The resulting tumours are further examined by 
histochemistry and Immunohistochemlstry. 

Monitoring of the body weight of the test animal, as well as observation of conspicuous 
behavioural patterns, are carried out to check for acute toxic side effects. 

Results: 

A375 tumour-bearing, Immunosuppressive mice which receive recombinant adenoviruses, 
which contain either the coding sequence for the extracellular domains of the murine Eph 
B4 receptor or that of the murine ephrin B2 ligand, develop substantially smaller tumours 
with a disordered vessel structure compared to control animals which receive control 
adenoviruses. 

in the groups of test animals, conspicuous behaviour patterns, such as motor disorders or 
hypermotor activities, are not observed, nor noticeable weight loss. 
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S^tiaLis^aimgsLia: 

1. An isolated soluble polypeptide which comprises an amino acid sequence of an 
extracellular region of an Eph B receptor or an essentially similar amino add sequence 
thereof, said Isolated soluble polypeptide being capable of binding with high affinity to a 
mammalian ephrfn B llgand. 

2. A polypeptide according to claim 1 which comprises an amino acid sequence of an 
extracellular region of Eph B4 or an essentially similar amino acid sequence thereof, said 
polypeptide being capable of binding with high affinity to a mammalian ephrin B ligand. 

3. A polypeptide according to claim 1 which comprises SEQ ID NO:2 or SEQ ID NO:4, or an 
essentially similar amino acid sequence thereof, said polypeptide being capable of binding 
with high affinity to a mammalian ephrfn B llgand. 

4. An Isolated soluble polypeptide which comprises an amino acid sequence of an 
extracellular region of an ephrin B ligand or an essentially similar amino acid sequence 
thereof, said isolated soluble polypeptide being capable of binding with high affinity to a 
mammalian Eph B receptor. 

5. A polypeptide according to claim 4 which comprises an amino acid sequence of an 
extracellular region of ephrin B2 or an essentially similar amino acid sequence thereof, said 
polypeptide being capable of binding with high affinity to a mammalian Eph B receptor. 

6. A polypeptide according to claim 4 which comprises SEQ ID NO:6 or SEQ ID NO:8, or an 
essentially similar amino acid sequence thereof, said polypeptide being capable of binding 
with high affinity to a mammalian Eph B receptor. 

7. A pharmaceutical composition comprising a polypeptide according to any one of claims 1 
to 6. 

8. Use of a polypeptide according to any one of claims 1 to 6 In the production of a 
pharmaceutical composition for the treatment of a tumour disease of mammals. Including 
humans. 
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9. Use of a polypeptide according to any one of claims 1 to 6 In the production of a 
pharmaceutical composition for the treatment of ocular neovascularization In mammals, 
Including humans. 

10. An isolated nucleic acid molecule comprising a nucleotide sequence that encodes a 
polypeptide according to any one of claims 1 to 6. 

11. A pharmaceutical composition comprising a nucleic acid molecule according to claim 10. 

12. Use of a nucleic acid molecule according to claim 1 0 in the production of a 
pharmaceutical composition for the treatment of a tumour disease of mammals, Including 
humans. 

13. Use of a nucleic acid molecule according to claim 10 In the production of a 
pharmaceutical composition for the treatment of ocular neovascularization In mammals, 
Including humans. 

14. A recombinant vector comprising a nucleic acid molecule according to claim 10. 

15. A recombinant vector according to claim 14, which is a recombinant viral vector. 

16. A recombinant viral vector according to claim 15, which is a recombinant adenoviral 
vector. 

17. A recombinant viral vector according to daim 15, which is a recombinant lentivlral 
vector. 

18. A recombinant viral vector according to daim 15, which Is a recombinant bovine 
immunodeficiency virus (BIV) vector. 

19. A pharmaceutical composition comprising a recombinant vector according to any one of 
claims 14 to 18. 
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20. Use of a recombinant vector according to any one of claims 14 to 18 in the production 
of a pharmaceutical composition for the treatment of a disease of mammals, Including 
humans, by means of gene therapy. 

21 . Use according to claim 20 for the treatment of a tumour disease of mammals, Including 
humans. 

22. Use according to claim 20 for the treatment of ocular neovascularization in mammals, 
including humans. 

23. A host cell comprising a recombinant vector according to any one of claims 14 to 18. 
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SEQUENCE LISTING 



<110> Novartis A3 

<120> Extracellular polypeptides of Eph B receptors and ephrin B Uganda 
and the corresponding nucleic acid molecules 

<130> Case 4-31611A 

<160> 8 

<170> Patent In version 3.0 

<210> 1 

<211> 1617 

<212> DNA 

<213> Mus mus cuius 

<220> 

<221> CDS 

<222> (1)..<1617> 



<400> 1 

atg gag etc cga gcg ctg ctg tgc tgg get tec etc gee act get tta 
Met Glu Leu Arg Ala Leu lieu Cys Trp Ala Ser Leu Ala Thr Ala Leu 
15 10 15 



48 



gaa gag acc ctg ttg aac aca aaa ctg gaa aog gcg gat ctg aaa tgg 
Glu Glu Thr Leu Leu Asn Thr Lys Leu Glu Thr Ala Asp Leu Lye Trp 
20 25 30 



gtg act tac cct cag gca gag ggc cag tgg gag gag eta age ggc ctg 
Val Thr Tyr Pro Gin Ala Glu Gly Gin Trp Glu Glu Leu Ser Gly Leu 
35 40 45 



144 



gat gag gaa cag cac age gtc cgc acc tat gag gtg tgc gac atg aag 
Asp Glu Glu Gin His Ser Val Arg Thr Tyr Glu Val Cys Asp Met Lys 
50 55 60 



192 



cgt cca ggg ggc cag get cac tgg ctg cgc act ggc tgg gtc cca agg 
Arg Pro Gly Gly Gin Ala His Trp Leu Arg Thr Gly Trp Val Pro Arg 
65 70 75 80 



240 



cga ggt get gtc cac gtg tat gee acg ata cgc ttc acc atg atg gaa 
Arg Gly Ala Val His Val Tyr Ala Thr lie Arg Phe Thr Met Met Glu 
85 90 95 



288 
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tgc eta tec ctg ccg agg gee agt cgc tec tgc aag gag aca ttc act 336 
Cys Leu Ser Leu Pro Arg Ala Ser Arg Ser Cys Lya Glu Thr Phe Thr 
100 105 110 

gtc ttc tat tac gag age gaa cgt gat acg gee acg gee cat acg ccc 384 
Val Phe Tyr Tyr Glu Ser Glu Arg Asp Thr Ala Thr Ala His Thr Pro 
115 120 125 

gee tgg atg gag aac ccc tac ate aag gtg gac aca gtg gee gca gaa 432 
Ala Trp Met Glu Asn Pro Tyr He Lys Val Asp Thr Val Ala Ala Glu 
130 135 140 

cat ctg act egg aag cgc cct gga get gaa gee aca ggg aaa gtt aat 480 
His Leu Thr Arg Lys Arg Pro Gly Ala Glu Ala Thr Gly Lys Val Asn 
145 150 155 160 

ate aag acg ctg cgc ctg ggt cct etc age aaa get ggc ttc tac ctg 528 
He Lys Thr Leu Arg Leu Gly Pro Leu Ser Lys Ala Gly Phe Tyr Leu 
165 170 175 

get ttc cag gac caa gga gee tgc atg get ctg etc tec ctg cat etc 576 
Ala Phe Gin Asp Gin Gly Ala Cys Met Ala Leu Leu Ser Leu His Leu 
180 185 190 

ttt tac aag aag tgc tec tgg ctg ate acg aac ttg ace tac ttc ccc 624 
Phe Tyr Lys Lys Cys Ser Trp Leu He Thr Asn Leu Thr Tyr Phe Pro 
195 200 205 

gag acg gtg cct egg gag etc gtg gtg ccg gtg gca ggt age tgc gtg 672 
Glu Thr Val Pro Arg Glu Leu Val Val Pro Val Ala Gly Ser Cys Val 
210 215 220 

gee aac gcg gtc cct acc gee aac ccc age ccc age etc tac tgc egg 720 
Ala Asn Ala Val Pro Thr Ala Asn Pro Ser Pro Ser Leu Tyr Qys Arg 
225 230 235 240 

gaa gat ggt caa tgg get gag cag cag gtc acg ggc tgc age tgc gcg 768 
Glu Asp Gly Gin Trp Ala Glu Gin Gin Val Thr Gly Cys Ser Cys Ala 
245 250 255 



cca 
Pro 



ggg 
Gly 



tac gag get gcg gaa age aac aaa gta tgc aga gee tgt ggc 
Tyr Glu Ala Ala Glu Ser Asn Lys Val Cys Arg Ala Cys Gly 
260 265 270 



816 
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cag gga acc ttc aag ccc caa ata gga gac gag tec tgc ctg ccg tgc 864 
Gin Gly Thr Phe Lye Pro Gin lie Gly Asp Glu Ser Cys Leu Pro Cys 
275 280 285 

cca gec aac age cac teg aat aac att ggg tct cct gtc tgc ctg tgt 912 
Pro Ala Aan Ser His Ser Asn Asn He Gly Ser Pro Val Cys lieu Cys 
290 295 300 

cga att ggg tat tac egg gee cgc tea gac ccc egg agt tea cct tgc 960 
Arg lie Gly Tyr Tyr Arg Ala Arg Ser Asp Pro Arg Ser Ser Pro Cys 
305 310 315 320 

act acc cca ccc tct get cca aga age gtg gtt cac cat ttg aat ggt 1008 
Thr Thr Pro Pro Ser Ala Pro Arg Ser Val Val His His Leu Asn Gly 
325 330 335 

tec acc ctg cgc ctg gag tgg agt get ccc ctt gag tec gga agg ccg 1056 
Ser Thr Leu Arg Leu Glu Trp Ser Ala Pro Leu Glu Ser Gly Arg Pro 
340 345 350 

aga gac etc act tat get gtt cgc tgc cga gag tgc cgt cct ggg ggt 1104 
Arg Asp Leu Thr Tyr Ala Val Arg Cys Arg Glu Cys Arg Pro Gly Gly 
355 360 365 

tec tgc ttg ccc tgt ggg ggc gac atg acc ttc gac ccc ggt cct cga 1152 
Ser Cys Leu Pro Cys Gly Gly Asp Met Thr Phe Asp Pro Gly Pro Arg 
370 375 380 

gac ctg gtt gag cgc tgg gtg gca ate cga ggg ctg cgt cct gat gtc 1200 
Asp Leu Val Glu Arg Trp Val Ala He Arg Gly Leu Arg Pro Asp Val 
385 390 395 400 

acc tat acc ttt gag gtt get get ttg aat ggt gtg tct acc tta gee 1248 
Thr Tyr Thr Phe Glu Val Ala Ala Leu Asn Gly Val Ser Thr Leu Ala 
405 410 415 

act gga cca cct cct ttt gag cct gtc aat gtc acc act gac cgt gag 1296 
Thr Gly Pro Pro Pro Phe Glu Pro Val Asn Val Thr Thr Asp Arg Glu 
420 425 430 

gtg cct cct gca gtg tct gac ate cga gtg act egg teg tea ccc age 1344 
Val Pro Pro Ala Val Ser Asp He Arg Val Thr Arg Ser Ser Pro Ser 
435 440 445 
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age ttg ate etg tea tgg get ate ecc aga gca cec agt ggg gee gtg 1392 
Ser Leu lie Leu Ser Tip Ala lie Pro Arg Ala Pro Ser Gly Ala Val 
450 455 460 

etg gae tac gag gte aag tat cat gag aag ggc gca gag ggc cce age 1440 
Leu Asp Tyr Olu Val Lys Tyr His Glu Lya Gly Ala Glu Gly Pro Ser 
465 470 475 480 

agt gtt cgt ttc etg aag aca tea gaa aac ega get gag etc egg ggg 1488 
Ser Val Arg Phe Leu Lys Thr Ser Glu Asn Arg Ala Glu Leu Arg Gly 
485 490 495 



etg aag egg gga gee age tat etg gte cag gta cgc gca egg tec gag 1536 
Leu Lys Arg Gly Ala Ser Tyr Leu Val Gin Val Arg Ala Arg Ser Glu 
500 505 510 

get ggc tac ggt cec ttc ggc cag gag cat cae agt cag act eaa etg 1584 
Ala Gly Tyr Gly Pro Phe Gly Gin Glu His His Ser Gin Thr Gin Leu 
515 520 525 

gat gag age gag age tgg egg gag cag etg gee 1617 
Asp Glu Ser Glu Ser Trp Arg Glu Gin Leu Ala 
530 535 



<210> 2 

<2U> 539 

<212> PRT 

<213> Mas mus cuius 



<400> 2 

Met Glu Leu Arg Ala Leu Leu Cys Trp Ala Ser Leu Ala Thr Ala Leu 
15 10 15 

Glu Glu Thr Leu Leu Asn Thr Lys Leu Glu Thr Ala Asp Leu Lys Trp 
20 25 30 

Val Thr Tyr Pro Gin Ala Glu Gly Gin Trp Glu Glu Leu Ser Gly Leu 
35 40 45 



Asp Olu Glu Gin His Ser Val Arg Thr Tyr Glu Val Cys Asp Met Lys 
50 55 60 
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Arg Pro Gly Gly Gin Ala His Trp Leu Arg Thr Gly Trp Val Pro Arg 
65 70 75 80 

Arg Gly Ala val His Val Tyr Ala Thr He Arg Phe Thr Met Met Glu 
85 90 95 

Cys Leu Ser Leu Pro Arg Ala Ser Arg Ser Cys Lys Glu Thr Phe Thr 
100 105 110 

Val Phe Tyr Tyr Glu Ser Glu Arg Asp Thr Ala Thr Ala His Thr Pro 
115 120 125 

Ala Trp Met Glu Asn Pro Tyr He Lys val Asp Thr Val Ala Ala Glu 
130 135 140 

His Leu Thr Arg Lys Arg Pro Gly Ala Glu Ala Thr Gly Lys Val Asn 
145 150 155 160 

He Lys Thr Leu Arg Leu Gly Pro Leu Ser Lys Ala Gly Phe Tyr Leu 
165 170 175 

Ala Phe Gin Asp Gin Gly Ala Cys Met Ala Leu Leu Ser Leu His Leu 
180 185 190 

Phe Tyr Lys Lys Cys Ser Trp Leu He Thr Asn Leu Thr Tyr Phe Pro 
195 200 205 

Glu Thr Val Pro Arg Glu Leu Val Val Pro Val Ala Gly Ser Cys Val 
210 215 220 

Ala Asn Ala Val Pro Thr Ala Asn Pro Ser Pro Ser Leu Tyr Cys Arg 
225 230 235 240 

Glu Asp Gly Gin Trp Ala Glu Gin Gin Val Thr Gly Cys Ser Cys Ala 
245 250 255 

Pro Gly Tyr Glu Ala Ala Glu Ser Asn Lys Val Cys Arg Ala Cys Gly 
260 265 270 



Gin Gly Thr Phe Lys Pro Gin He Gly Asp Glu Ser Cys Leu Pro Cys 
275 280 285 



WO 02/26827 




PCT/EP01/11252 



Pro Ala Asn Ser His Sor Asn Asn lie Gly Ser Pro Val Cys Leu Cys 
290 295 300 

Arg He Oly Tyr Tyr Arg Ala Arg Ser Asp Pro Arg Ser Ser Pro Cys 
305 310 315 320 

Thr Thr Pro Pro Ser Ala Pro Arg Ser Val Val His His Leu Asn Gly 
325 330 335 

Ser Thr Leu Arg Leu Glu Trp Ser Ala Pro Leu Glu Ser Gly Arg Pro 
340 345 350 

Arg Asp Leu Thr Tyr Ala Val Arg Cys Arg Glu Cys Arg Pro Gly Gly 
355 360 365 

Ser cys Leu Pro Cys Gly Gly Asp Met Thr Phe Asp Pro Gly Pro Arg 
370 375 380 

Asp Leu Val Glu Arg Trp Vfel Ala lie Arg Gly Leu Arg Pro Asp Val 
385 390 395 400 

Thr Tyr Thr Phe Glu Val Ala Ala Leu Asn Gly Val Ser Thr Leu Ala 
405 410 415 

Thr Gly Pro Pro Pro Phe Glu Pro Val Asn Val Thr Thr Asp Arg Glu 
420 425 430 

Val Pro Pro Ala Val Ser Asp lie Arg Val Thr Arg Ser Ser Pro Ser 
435 440 445 

Ser Leu lie Leu Ser Trp Ala He Pro Arg Ala Pro Ser Gly Ala Val 
450 455 460 

Leu Asp Tyr Glu Val Lys Tyr His Glu Lys Gly Ala Glu Gly Pro Ser 
465 470 475 480 



Ser Val Arg Phe Leu Lys Thr ser Glu Asn Arg Ala Glu Leu Arg Gly 
485 490 495 



Leu Lys Arg Gly Ala Ser Tyr Leu Val Gin Val Arg Ala Arg Ser Glu 
500 505 510 
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Ala Oly Tyr Oly Pro Phe Oly Gin Olu His His Ser Gin Thr Gin Leu 
515 520 525 

Asp Glu Ser Glu Ser Trp Arg Glu Gin Leu Ala 
530 535 



<210> 3 

<211> 1617 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (!),.< 1617) 



<400> 3 

atg gag etc egg gtg etg etc tgc tgg get teg ttg gcc gca get ttg 
Met Glu Leu Arg Val Leu Leu Cys Trp Ala Ser Leu Ala Ala Ala Leu 
15 10 15 



48 



gaa gag ace ctg etg aac aca aaa ttg gaa act get gat etg aag tgg 
Glu Glu Thr Leu Leu Asn Thr Lys Leu Glu Thr Ala Asp Leu Lys Trp 
20 25 30 



96 



gtg aca ttc cct cag gtg gac ggg cag tgg gag gaa ctg age ggc ctg 
Val Hit Phe Pro Gin Val Asp Gly Gin Trp Glu Glu Leu Ser Gly lieu 
35 40 45 



144 



gat gag gaa cag cac age gtg cgc acc tac gaa gtg tgt gaa gtg cag 
Asp Glu Glu Gin His Ser Val Arg Thr Tyr Glu Val Cys Glu Val Gin 
50 55 60 



192 



cgt gcc ccg ggc cag gcc cac tgg ctt cgc aca ggt tgg gtc cca egg 
Arg Ala Pro Gly Gin Ala His Trp Leu Arg Thr Gly Trp Val Pro Arg 
65 70 75 80 



240 



egg ggc gcc gtc cac gtg tac gcc acg ctg cgc ttc acc atg etc gag 
Arg Gly Ala Val His Val Tyr Ala Thr Leu Arg Phe Thr Met Leu Glu 
85 90 95 



288 



tgc ctg tec ctg cct egg get ggg cgc tee tgc aag gag acc ttc ace 
Cys Leu Ser Leu Pro Arg Ala Gly Arg Ser Cys Lys Glu Thr Phe Thr 
100 105 110 



336 
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arte ttc tac tat gag age gat gcg gac acg gee acg gee etc acg cca 384 
Val Phe Tyr Tyr Glu Ser Aflp Ala Asp Thr Ala Thr Ala Leu Thr Pro 
US 120 12S 

gee tgg atg gag aac ccc tac ate aag gtg gac acg gtg gec gcg gag 432 
Ala Trp Mat Glu Asn Pro Tyr lie Lys Val Asp Thr Val Ala Ala Glu 
130 135 140 

cat etc acc egg aag cgc cct ggg gee gag gec ace ggg aag gtg aat 480 
Hie Leu Thr Arg Lys Arg Pro Gly Ala Glu Ala Thr Gly Lys Val ASn 
145 ISO 155 160 

gtc aag acg ctg cgt ctg gga ccg etc age aag get ggc ttc tac ctg 528 
Val Lys Thr Leu Arg Leu Gly Pro Leu Ser Lys Ala Gly Phe Tyr Leu 
165 170 175 

gec ttc cag gac cag ggt gec tgc atg gec ctg eta tec ctg cac etc 576 
Ala Phe Gin Asp Gin Gly Ala Cys Met Ala Leu Leu Ser Leu His Leu 
180 185 190 

ttc tac aaa aag tgc gec cag ctg act gtg aac ctg act cga ttc ccg 624 

Phe Tyr Lys Lys Cys Ala Gin Leu Thr Val Asn Leu Thr Arg Phe Pro 
i95 200 205 

gag act gtg cct egg gag ctg gtt gtg ccc gtg gee ggt age tgc gtg 672 
Glu Thr Val Pro Arg Glu Leu Val Val Pro Val Ala Gly Ser Cys Val 
21° 215 220 

gtg gat gee gtc ccc gec cct ggc ccc age ccc age etc tac tgc cgt 720 
Val Asp Ala Val Pro Ala Pro Gly Pro Ser Pro Ser Leu Tyr Cys Arg 
225 230 235 240 

gag gat ggc cag tgg gee gaa cag ccg gtc acg ggc tgc age tgt get 768 
Glu Asp Gly Gin Trp Ala Glu Gin Pro Val Thr Gly Cys Ser Cys Ala 
245 250 255 

ccg ggg ttc gag gca get gag ggg aac acc aag tgc cga gec tgt gee 816 
Pro Gly Phe Glu Ala Ala Glu Gly Asn Thr Lys Cys Arg Ala Cys Ala 
260 265 270 

cag ggc acc ttc aag ccc ctg tea gga gaa ggg tec tgc cag cca tgc 864 
Gin Gly Thr Phe Lys Pro Leu Ser Gly Glu Gly Ser Cys Gin Pro Cys 
275 280 285 
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912 



960 



cca gcc aat age cac tct aac acc att gga tct gec gtc tgc cag tgc 
Pro Ala Aan Ser His Ser Aan Thr He Gly Ser Ala Val Cys Gin Cys 
290 295 300 

cgc gtc ggg gac ttc egg gca cgc aca gac ccc egg ggt gca ccc tgc 
Arg Val Gly Asp Fhe Arg Ala Arg Thr Asp Pro Arg Gly Ala Pro Cys 
305 310 315 320 

acc acc cct cct teg get ccg egg age gtg gtt tec cgc ctg aac ggc 1008 
Thr Thr Pro Pro Ser Ala Pro Arg Ser Val Val Ser Arg Leu Aan Gly 
325 330 335 

tec tec ctg cac ctg gaa tgg agt gcc ccc ctg gag tct ggt ggc cga 1056 
Ser Ser Leu His Leu Glu Trp Ser Ala Pro Leu Glu Ser Gly Gly Arg 
340 345 350 

gag gac etc acc tac gcc etc cgc tgc egg gag tgc cga ccc gga ggc 1104 
Glu Asp Leu Thr Tyr Ala Leu Arg Cys Arg Glu Cys Arg Pro Gly Gly 
355 360 365 

tec tgt gcg ccc tgc ggg gga gac ctg act ttt gac ccc ggc ccc egg 1152 
Ser Cys Ala Pro Cys Gly Gly Asp Leu Thr Phe Asp Pro Gly Pro Arg 
370 375 380 

gac ctg gtg gag ccc tgg gtg gtg gtt cga ggg eta cgt ccg gac ttc 1200 
Asp Leu Val Glu Pro Trp Val Val Val Arg Gly Leu Arg Pro Asp Phe 
385 390 395 400 

acc tat acc ttt gag gtc act gca ttg aac ggg gta tec tee tta gcc 1248 
Thr Tyr Thr Phe Glu Val Thr Ala Leu Asn Gly Val Ser Ser Leu Ala 
405 410 415 

acg ggg ccc gtc cca ttt gag cct gtc aat gtc acc act gac cga gag 1296 
Thr Gly Pro Val Pro Phe Glu Pro Val Asn Val Thr Thr Asp Arg Glu 
420 425 430 

gta cct cct gca gtg tct gac ate egg gtg acg egg tec tea ccc age 1344 
Val Pro Pro Ala Val Ser Asp He Arg Val Thr Arg Ser Ser Pro Ser 
435 440 445 

age ttg age ctg gcc tgg get gtt ccc egg gca ccc agt ggg gcg tgg 1392 
Ser Leu Ser Leu Ala Trp Ala val Pro Arg Ala Pro Ser Gly Ala Trp 
450 455 460 
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ctg gac tac gag gtc aaa tac cat gag aag ggc gcc gag ggt ccc age 1440 
Leu Asp Tyr Glu Vol Lys Tyr His Glu Lys Gly Ala Glu Gly Pro Ser 
465 470 475 480 

age gtg egg ttc ctg aag acg tea gaa aac egg gca gag ctg egg ggg 1488 
Ser Val Arg Phe lieu Lys Thr Ser Glu Asn Arg Ala Glu Leu Arg Gly 
485 490 495 

ctg aag egg gga gcc age tac ctg gtg cag gta egg gcg egc tct gag 1536 
Leu Lys Arg Gly Ala Ser Tyr Leu Val Gin Val Arg Ala Arg ser Glu 
500 505 510 

gee ggc tac ggg ccc ttc ggc cag gaa cat cac age cag acc caa ctg 1584 
Ala Gly Tyr Gly Pro Phe Gly Gin Glu His His Ser Gin Thr Gin Leu 
515 520 525 

gat gag age gag ggc tgg egg gag cag ctg gee 1617 
Asp Glu Ser Glu Gly Trp Arg Glu Gin Leu Ala 
530 535 



<210> 4 

<211> 539 

<212> PRT 

<213> Homo sapiens 

<400> 4 

Met Glu Leu Arg Val Leu Leu Cys Trp Ala Ser Leu Ala Ala Ala Leu 
15 10 15 

Glu Glu Thr Leu Leu Asn Thr Lys Leu Glu Thr Ala Asp Leu Lys Trp 
20 25 30 

Val Thr Phe Pro Gin Val Asp Gly Gin Trp Glu Glu Leu Ser Gly Leu 
35 40 45 

Asp Glu Glu Gin His Ser Val Arg Thr Tyr Glu Val Cys Glu Val Gin 
50 55 60 



Arg Ala Pro Gly Gin Ala His Trp Leu Arg Thr Gly Trp Val Pro Arg 
65 70 75 80 
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Arg Gly Ala Val His Vol Tyr Ala Thr lieu Arg Phe Thr Met Leu Glu 
85 90 95 

Cys Leu Ser Leu Pro Arg Ala Gly Arg Ser Cys Lys Glu Thr Phe Thr 
100 105 110 

Val Phe Tyr Tyr Glu Ser Asp Ala Asp Thr Ala Thr Ala Leu Thr Pro 
115 120 125 

Ala Trp Met Glu Asn Pro Tyr He Lys Val Asp Thr Val Ala Ala Glu 
130 135 140 

His Leu Thr Arg Lys Arg Pro Gly Ala Glu Ala Thr Gly Lys Val Asn 
145 150 155 160 

Val Lys Thr Leu Arg Leu Gly Pro Leu Ser Lys Ala Gly Phe Tyr Leu 
165 170 175 

Ala Phe Gin Asp Gin Gly Ala Cys Met Ala Leu Leu Ser Leu His Leu 
180 185 190 

Phe Tyr Lys Lys Cys Ala Gin Leu Thr Val Asn lieu Thr Arg Phe Pro 
195 200 205 

Glu Thr Val Pro Arg Glu Leu Val Val Pro Val Ala Gly Ser Cys Val 
210 215 220 

Val Asp Ala Val Pro Ala Pro Gly Pro Ser Pro Ser Leu Tyr Cys Arg 
225 230 235 240 

Glu Asp Gly Gin Trp Ala Glu Gin Pro Val Thr Gly Cys Ser Cys Ala 
245 250 255 

Pro Gly Phe Glu Ala Ala Glu Gly Asn Thr Lys Cys Arg Ala Cys Ala 
260 265 270 

Gin Gly Thr Phe Lys Pro Leu Ser Gly Glu Gly Ser Cys Gin Pro Cys 
275 280 285 



Pro Ala Asn Ser His Ser Asn Thr He Gly Ser Ala Val Cys Gin Cys 
290 295 300 
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Arg Val Gly Asp Phe Arg Ala Arg Thr Asp Pro Arg Gly Ala Pro Cys 
305 310 315 320 

Thr Thr Pro Pro Ser Ala Pro Arg Ser Val Val Ser Arg Leu Asn Gly 
325 330 335 

Ser Ser Leu His Leu Glu Trp Ser Ala Pro Leu Glu Ser Gly Gly Arg 
340 345 350 

Glu Asp Leu Thr Tyr Ala Leu Arg cys Arg Glu Cys Arg Pro Gly Gly 
355 360 365 

Ser Cys Ala Pro Cys Gly Gly Asp Leu Thr Phe Asp Pro Gly Pro Arg 
370 375 380 

Asp Leu Val Glu Pro Trp Val Val Val Arg Gly Leu Arg Pro Asp Phe 
385 390 395 4 00 

Thr Tyr Thr Phe Glu Val Thr Ala Leu Asn Gly Val Ser Ser Leu Ala 
405 410 415 

Thr Gly Pro Val Pro Phe Glu Pro Val Asn Val Thr Thr Asp Arg Glu 
420 425 430 

Val Pro Pro Ala Val Ser Asp He Arg Val Thr Arg Ser Ser Pro Ser 
435 440 445 

Ser Leu Ser Leu Ala Trp Ala Val Pro Arg Ala Pro Ser Gly Ala Trp 
450 455 460 

Leu Asp Tyr Glu Val Lys Tyr His Glu Lys Gly Ala Glu Gly Pro Ser 
465 470 475 480 

Ser Val Arg Phe Leu Lys Thr Ser Glu Asn Arg Ala Glu Leu Arg Gly 
"5 490 495 

Leu Lys Arg Gly Ala Ser Tyr Leu Val Gin Val Arg Ala Arg Ser Glu 
500 505 510 

Ala Gly Tyr Gly Pro Phe Gly Gin Glu His His Ser Gin Thr Gin Leu 
515 520 525 
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Asp Glu Ser Glu Gly Trp Arg Glu Gin lieu Ala 
530 535 

<210> 5 

<211> 687 

<212> ENA 

<213> Mua cms cuius 

<220> 

<221> CDS 

<222> <1)..<687) 

<400> 5 

atg gcc atg gcc egg tec agg agg gac tct gtg tgg aag tac tgt tgg 48 
Met Ala Met Ala Arg Ser Arg Arg Asp Ser Val Trp Lys Tyr Cys Trp 
15 10 15 

gga ctt ttg atg gtt ttg tgc aga act gcg ate tec aga teg Ata gtt 96 
Gly Xjeu Leu Met Val Leu Cys Arg Thr Ala lie Ser Arg Ser lie Val 
20 25 30 

tta gag cct ate tac tgg aat tec teg aae tec aaa ttt eta ccc gga 144 
Leu Glu Pro He Tyr Trp Asn Ser Ser Asn Ser Lys Phe Leu Pro Gly 
35 40 45 

caa gge etg gta eta tac cea cag ata gga gac aaa ttg gat att att 192 
Gin Gly Leu Val Leu Tyr Pro Gin He Gly Asp Lys Leu Asp He He 
50 55 60 

tgc ccc aaa gtg gac tct aaa act gtt ggc cag tat gaa tat tat aaa 240 
Cys Pro Lys Val Asp Ser Lys Thr Val Gly Gin Tyr Glu Tyr Tyr Lys 
65 70 75 80 

gtt tat atg gtt gat aaa gac caa gca gac aga tgc aca att aag aag 288 
Val Tyr Met Val Asp Lys Asp Gin Ala Asp Arg Cys Thr He Lys Lys 
85 90 95 

gag aat ace ccg etg etc aae tgt gcc aga cca gac caa gat gtg aaa 336 
Glu Asn ttir Pro Leu Leu Asn Cys Ala Arg Pro Asp Gin Asp Val Lys 
100 105 110 
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ttc acc ate aag ttt caa gaa ttc age cct aac etc tgg ggt eta gaa 384 
Phe Thr He Lys Phe Gin Glu Phe Ser Pro Asn Leu Trp Gly Leu Glu 
115 120 125 

ttt cag aag aae aaa gat tac tac att ata tct aea tea aat ggg tct 432 
Phe Gin Lys Asn Lys Asp Tyr Tyr He He Ser Thr Ser Asn Gly Ser 
130 135 140 

ttg gag ggc ctg gat aae cag gag gga ggg gtg tgc cag aea aga gee 480 
Leu Glu Gly Leu Asp Asn Gin Glu Gly Gly Val Cys Gin Thr Arg Ala 
"5 150 155 160 

atg aag ate etc atg aaa gtt gga caa gat gca agt tct get gga tea 528 
Met lys He Leu Met Lys Val Gly Gin Asp Ala Ser Ser Ala Gly Ser 
165 170 175 

gee agg aat cac ggt cca aea aga cgt cca gag eta gaa get ggt aea 576 
Ala Arg Asn His Gly Pro Thr Arg Arg Pro Glu Leu Glu Ala Gly Thr 
180 185 190 

aat ggg aga agt tea aea aca agt ccc ttt gtg aag cca aat cca ggt 624 
Asn Gly Arg Ser Ser Thr Thr Ser Pro Phe Val lys Pro Asn Pro Gly 
195 200 205 

tct age acc gat ggc aac age gcg ggg cat tec ggg aac aat etc ctg 672 
Ser Ser Thr Asp Gly Asn Ser Ala Gly His Ser Gly Asn Asn Leu Leu 
210 215 220 

ggt tec gaa gtg gee g 87 

Gly Ser Glu Val Ala 

225 



<210> 6 

<211> 229 

<212> PRT 

<213> MUs musculus 

<400> 6 

Met Ala Met Ala Arg Ser Arg Arg Asp Ser Val Trp Lys Tyr Cys Trp 
1 5 10 15 
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Gly Leu Leu Met Val Leu Cys Arg Thr Ala He Ser Arg Ser He Val 
20 25 30 

Leu Glu Pro He Tyr Trp Asn Ser Ser Asn Ser Lys Phe Leu Pro Gly 
35 40 45 

Gin Gly Leu Val Leu Tyr Pro Gin He Gly Asp Lys Leu Asp He He 
50 55 60 

Cys Pro Lys Val Asp Ser Lys Ttor val Gly Gin Tyr Glu Tyr Tyr Lys 
65 70 75 80 

Val Tyr Met Val Asp Lys Asp Gin Ala Asp Arg Cys Tfar He Lys Lys 
85 90 95 

Glu Asn Thr Pro Leu Leu Asn Cys Ala Arg Pro Asp Gin Asp Val Lys 
100 105 110 

Phe Thr He Lys Phe Gin Glu Phe ser Pro Asn Leu Trp Gly Leu Glu 
115 120 125 

Phe Gin Lys Asn Lys Asp Tyr Tyr He He Ser Thr Ser Asn Gly Ser 
130 135 140 

Leu Glu Gly Leu Asp Asn Gin Glu Gly Gly Val Cys. Gin Thr Arg Ala 
145 150 155 160 

Met Lys zle Leu Met Lys Val Gly Gin Asp Ala Ser Ser Ala Gly Ser 
165 170 175 

Ala Arg Asn His Gly Pro Thr Arg Arg Pro Glu Leu Glu Ala Gly Thr 
180 185 190 

Asn Gly Arg Ser Ser Thr Thr Ser Pro Phe Val Lys Pro Asn Pro Gly 
195 200 205 

Ser Ser Thr Asp Gly Asn Ser Ala Gly His Ser Gly Asn Asn Leu Leu 
210 215 220 



Gly Ser Glu Val Ala . 
225 
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<210> 7 

<211> 687 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> <1)..<687) 

<400> 7 

atg get gtg aga agg gac tec gtg tgg aag tac tgc tgg ggt gtt ttg 48 
Met Ala Val Arg Arg Asp Ser Val Trp Lys Tyr Cys Trp Gly Val Leu 
15 10 15 

atg gtt tta tgc aga act gcg att tec aaa teg ata gtt tta gag cct 96 
Met Val Leu Cys Arg Thr Ala He Ser Lys Ser lie Val Leu Glu Pro 



20 



25 



30 



ate tat tgg aat tec teg aac tec aaa ttt eta cct gga caa gga ctg 
lie Tyr Trp Asn Ser ser Asn Ser Lys Phe Leu Pro Gly Gin Gly Leu 
35 40 45 



144 



gta eta tac cea cag ata gga gac aaa ttg gat att att tgc ccc aaa 
Val Leu Tyr Pro Gin He Gly Asp Lys Leu Asp He lie cys Pro Lys 
50 55 60 



192 



gtg gac tct aaa act gtt ggc cag tat gaa tat tat aaa gtt tat atg 
Val Asp Ser Lys Thr Val Gly Gin Tyr Glu Tyr Tyr Lys Val Tyr Met 
65 70 75 80 



240 



gtt gat aaa gac caa gca gac aga tgc act att aag aag gaa aat acc 
Val Asp Lys Asp Gin Ala Asp Arg Cys Thr He Lys Lys Glu Asn Thr 
85 90 95 



288 



cct etc etc aac tgt gec aaa cca gac caa gat ate aaa ttc acc ate 
Pro Leu Leu Asn Cys Ala Lys Pro Asp Gin Asp lie Lys Phe Thr He 
100 105 110 



336 



aag ttt caa gaa ttc age cct aac etc tgg ggt eta gaa ttt cag aag 
Lys Phe Gin Glu Phe Ser Pro Asn Leu Trp Gly Leu Glu Phe Gin Lys 
115 120 125 



384 
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aac aaa gat tat tac att ata tct aca tea aat ggg tct ttg gag ggc 432 
Asa Lys Asp Tyr Tyr lie He Ser Thr Ser Asn Oly Ser lieu Olu Gly 
130 135 140 

ctg gat aac cag gag gga ggg gtg tgc cag aca aga gec atg aag ate 480 
Leu Asp Asn Gin Glu Gly Gly Val cys Gin Thr Arg Ala Met Lys He 
145 150 155 160 

etc atg aaa gtt gga caa gat gca agt tct get gga tea ace agg aat 528 
Leu Met Lys Val Gly Gin Asp Ala Ser Ser Ala Gly Ser Thr Arg Asn 
165 170 175 

aaa gat cca aca aga cgt cca gaa eta gaa get ggt aca aat gga aga 576 
Lys Asp Pro Thr Arg Arg Pro Glu Leu Glu Ala Gly Thr Asn Gly Arg 
180 185 190 

agt teg aca aca agt ccc ttt gta aaa cca aat cca ggt tct age aca 624 
Ser Ser Thr Thr Ser Pro Phe Val Lys Pro Asn Pro Gly Ser Ser Thr 
195 200 205 

gac ggc aac age gee gga cat teg ggg aac aac ate etc ggt tec gaa 672 
Asp Gly Asn Ser Ala Gly His Ser Gly Asn Asn He Leu Gly Ser Glu 
210 215 220 

gtg gee tta ttt gca 687 

Val Ala Leu Phe Ala 

225 



<210> 8 

<2U> 229 

<212> PRT 

<213> Homo sapiens 

<400> 8 

Met Ala Val Arg Arg Asp Ser Val Trp Lys Tyr Cys Trp Gly Val Leu 
1 5 10 15 

Met Val Leu Cys Arg Tfcr Ala lie Ser Hys Ser lie Val Leu Glu Pro 
20 25 30 



He Tyr Trp Asn Ser ser Asn Ser Lys Phe Leu Pro Gly Gin Gly Leu 
35 40 45 
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Val Leu Tyr Pro Gin Xle Gly Asp Lys Leu Asp lie lie Cya Pro Lys 
50 55 60 

Val Asp Ser Lys Thr Val Gly Gin Tyr Glu Tyr Tyr Lys Val Tyr Met 
65 70 75 80 

Val Asp Lys Asp Gin Ala Asp Arg Cys Thr He Lys Lys Glu Asn Thr 
85 90 95 

Pro Leu Leu Asn Cys Ala Lys Pro Asp Gin Asp He Lys Phe Thr Xle 
100 105 110 

Lys Phe Gin Glu Phe Ser Pro Asn Leu Trp Gly Leu Glu Phe Gin Lys 
115 120 125 

Asn Lys Asp Tyr Tyx He He Ser Thr Ser Asn Gly Ser Leu Glu Gly 
130 135 140 

Leu Asp Asn Gin Glu Gly Gly Val Cys Gin Thr Arg Ala Met Lys He 
145 150 155 160 

Leu Met Lys Val Gly Gin Asp Ala Ser Ser Ala Gly Ser Thr Arg Asn 
165 170 175 

Lys Asp Pro Thr Arg Arg Pro Glu Leu Glu Ala Gly Thr Asn Gly Arg 
180 185 190 

Ser Ser Thr Thr ser Pro Phe Val Lys Pro Asn Pro Gly Ser Ser Thr 
195 200 205 

Asp Gly Asn Ser Ala Gly His Ser Gly Asn Asn He Leu Gly Ser Glu 
210 215 220 



Val Ala Leu Phe Ala 
225 
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